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PREFACE 
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INTRODUCTION 


Assessment  of  potential  Reliability  and  Maintainability  (R&M) 
hardware  component  research  efforts  requires  an  evaluation  of 
the  benefit  of  the  proposed  effort.  Application  of  an  Army- 
developed  R&M  simulation  model  to  a  specific  helicopter  type 
can  provide  a  realistic,  timely  assessment  of  research  poten¬ 
tial.  The  approach  consists  of  changing  the  "component  R&M 
definitions”  or  maintenance  concepts  to  reflect  the  desired 
changes ,  processing  the  resultant  configuration  through  the 
R4M  model,  and  then  performing  comparative  analysis  of  the 
results . 

One  of  the  primary  reasons  for  developing  a  simulation  model 
is  to  evaluate  operational  relationships  that  are  impractical 
or  impossible  to  analytically  investigate.  Many  of  the  prob¬ 
lems  which  the  model  is  used  to  solve  are  related  to  the 
availability/utilization  function.  The  impact  that  variations 
in  utilization  have  upon  availability,  personnel,  spares,  and 
support  equipment  usage  can  best  be  analyzed  by  means  of 
simulation. 

Personnel  allocations,  probability  of  spares  availability, 
failure  rates,  and  maintainability  rates  are  entered  as  input 
to  the  model.  Operating  under  the  strictures  defined  by  a 
prearranged  mission  schedule  and  maintenance  philosophy,  the 
model — by  implementation  of  a  Monte  Carlo  selection  routine — 
selects  certain  tasks  to  be  performed  to  simulate  the  repair 
of  randomly  occurring  failures.  Thus,  by  simulating  the  main¬ 
tenance  occurring  over  any  given  time  frame,  the  model  gives 
its  user  the  ability  to  analyze  his  resource  allocations.  A 
flow  diagram  (Figure  1)  presents  an  overview  of  how  the  oper¬ 
ational  and  maintenance  environment  is  simulated  for  a  company 
of  aircraft. 

To  provide  a  means  of  R&M  assessment,  Boeing  Vertol  has 
developed  and  documented  in  this  study  valid  RfcM  simulations 
of  the  CH-47C  and  the  developmental  Heavy  Lift  Helicopter 
(HLH)  .  Applicable  RfcM  data  was  analyzed  and  transformed  into 
probabilistic  statements  for  input  into  the  Government- 
furnished  R&M  simulation  model.  Alternative  inspection 
schemes  were  developed  and  simulated  and  the  results  evaluated 
in  terms  of  operational  and  logistics  support  impact.  This 
scheme  was  accomplished  by  performing  the  tasks  described  in 
the  flow  chart  in  Figure  2. 

The  result  of  this  study  provides  CH-47C  and  HLH  models 
through  which  scheduled  operations  and  available  maintenance 
resources  can  be  used  to  determine  their  effect  on  equipment 
availability  and  maintenance  resource  usage  rate.  Various 
relationships  such  as  the  avai lability /utilization  relation 
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may  be  investigated  and  optimized  in  compliance  with  the 
constraints  inflicted  by  the  resources  available  and  mission 
designated. 
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Figure  2.  Frogram  Flow  Diagram 


BASELINE  MODEL  DEVELOPMENT 


INTRODUCTION 


It  was  the  intent  of  this  study  to  develop  validated  simula¬ 
tion  models  for  the  CH-47C  and  HLH  and  employ  these  models  in 
a  maintenance  concept  comparative  analysis  to  demonstrate 
model  capability  for  analytical  application. 

As  such,  the  baseline  models  have  been  defined  in  a  suffi¬ 
ciently  general  manner  to  allow  for  the  comparative  analysis 
with  no  logical  modifications  to  the  model.  Rather,  the 
mission  concept  and  maintenance  parameters,  unique  to  the 
baseline  models,  are  all  defined  by  input  data  cards. 

CH-47C  -  BASELINE  MODEL  DEFINITION 

The  probabilistic  and  deterministic  R&M  function  tables  have 
been  defined  for  the  baseline  CH-47C  model  by  direct  applica¬ 
tion  of  historical  data.  It  is  felt  that,  although  this  data 
is  a  composite  generated  by  aircraft  flying  rather  diverse 
missions,  the  distribution  of  missions  flown  had  a  tendency  to 
be  centrally  located  around  the  baseline  mission.  Further¬ 
more,  the  maintenance  concept  employed  in  support  of  the  air¬ 
craft  which  generated  this  data  base  was,  with  only  minor 
exceptions,  identical  to  the  baseline  maintenance  concept 
defined  for  use  in  the  simulation  model.  Thus,  the  baseline 
model  is  considered  an  accurate  representation  of  the  actual 
O&M  concept  employed  on  the  CH-47C. 

CH-47C  BASELINE  MISSION 

The  baseline  CH-47C  mission  is  a  composite  developed  over 
hundreds  of  thousands  of  flight  hours  of  Chinook  application 
in  CONUS,  Europe,  and  Southeast  Asia.  The  expected  CH-47C 
monthly  utilization  derived  from  the  data  generated  by  this 
experience  is  approximately  54  hours  per  aircraft  per  month. 
Furthermore,  this  data  shows  an  expected  Chinook  mission 
length  of  1.5  flight  hours  per  mission. 

The  standard  CH-47C  company  consists  of  16  aircraft.  For  the 
baseline  mission,  a  delay  of  up  to  30  minutes  is  acceptable 
before  a  mission  is  scrubbed.  Another  baseline  flight  consid¬ 
eration  is  the  requirement  that  a  standby  aircraft  be  main¬ 
tained  in  a  ready  status  at  all  times  during  the  scheduled 
flying  intervals. 

Table  I  is  the  first  page  of  output  from  the  CH-47C  simula¬ 
tion  model.  It  defines  the  O&M  scenario  being  simulated. 
Contained  in  this  table  are  the  precise  times  and  number  of 
aircraft  relevant  to  each  launch  for  the  baseline  mission. 
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CH-47C  Baseline  Maintenance  Concept 

Tho  nucleus  of  the  CH-47C  maintenance  concept  is  the  100-hour 
IMP.  Almost  half  of  all  unscheduled  maintenance  and  essen¬ 
tially  all  scheduled  maintenance  occur  at  this  inspection. 
Reference  can  be  made  to  the  subsequent  section  of  this  report 
dealing  with  R&M  Input  Data  to  identify  the  quantitative  basis 
for  this  qualitative  statement. 

The  other  essential  elements  of  the  CH-47C  maintenance  concept 
are  the  25-hour  PMI  and  daily  inspection.  When  taken  in  con¬ 
junction  with  the  PMP,  these  inspections  account  for  the  de¬ 
tection  and  correction  of  almost  all  unscheduled  CH-47C  main¬ 
tenance  requirements.  The  only — and  rather  obvious — 
exceptions  to  this  statement  are  those  failures  detected 
during  flight.  Those  failures ,  causing  downing,  but  not 
aborts,  are  repaired  immediately  upon  mission  completion. 

This  is  contingent,  of  course,  upon  the  availability  of  the 
necessary  maintenance  resources. 

Table  I  provides  a  narrative,  established  by  the  simulation 
model,  of  the  maintenance  concept  being  simulated.  The  para¬ 
metric  values  relevant  to  the  CH-47C  baseline  maintenance 
concept  are  contained  in  Table  II. 

The  manner  in  which  the  parametric  entities  of  the  baseline 
maintenance  concept  and  mission  are  input  to  the  model  is 
identified  in  the  input  data  cards  displayed  in  Table  III. 


TABLE  I.  CH-47C  R&M  SIMULATION  MODEL  SCENARIO -BASELINE 


Scenario  Simulate! 

One  platoon  of  16  Army  helicopters. 

Flying  program  consisted  of  7  flying  days  per  week, 
with  each  simulation  interval  covering  an  8-week  period. 

Mission  duration  is  1.5  hours  with  a  utilization  of  108 
hours  per  aircraft  for  the  3-week  period. 

Launch  schedule  during  each  flying  day 


0700 

3 

aircraft 

0830 

3 

aircraft 

1000 

3 

aircraft 

1130 

3 

aircraft 

1300 

3 

aircraft 

1430 

3 

aircraft 

1600 

3 

aircraft 

1730 

3 

aircraft 

1900 

3 

aircraft 

Other  Flight  Considerations 

Standby  aircraft  ready  at  all  times  during  the  scheduled 
flying  intervals. 

Mission  flight  is  possible  up  to  30  minutes  after  scheduled 
flight  time.  After  this  interval,  flight  is  scrubbed. 

Maintenance  Concept  Simulated 

Periodic  maintenance  inspections  (PMP)  occur  at  intervals 
of  100  hours. 

Preventive  maintenance  daily  (PMD)  inspections  occur  daily 
if  the  aircraft  has  flown  or  every  72  hours  if  not  flying 

Maintenance  personnel  are  available  between  0600  and  2200 
during  the  7-day  flying  period  per  week. 

The  aircraft  consists  of  293  elements.  There  are  16  time 
change  components  within  this  total. 

An  intermediate  inspection  (PMI)  is  performed  every  25 
flight  hours. 

Organizational  maintenance  includes  an  integrated  direct 
support  maintenance  capability. 

Off  equipment  component  maintenance  is  performed  at  the 
depot  level. 

Condemnation  or  NRTS  status  is  a  dummy  evaluation. 

Basic  CH-47C  mission  and  maintenance  philosophy. 


TABLE  II.  BASELINE  CH-47  MODEL  PARAMETERS 


•  16  aircraft  per  platoon 

•  100-hour  PMP ,  requiring  6  men  for  7.5  hours  each 

•  25-hour  PMI ,  requiring  3.5  men  for  3.4  hours  each 

•  Daily  inspection  performed  @  1830  each  day  requiring 
2  men  for  2.4  hours  each 

•  TBO  values  ranging  from  300  hours  to  2400  hours 

•  Utilization  of  54  hours  per  aircraft  per  month 

•  Maintenance  action  rate  of  1.3  per  flight  hour 

•  Flying  and  maintenance  take  place  7  days  a  week 

•  2  maintenance  shifts  of  8  hours  each  used  daily 


TABLE  III.  BASELINE  CH-47C  MODEL  INPUT  CARDS 


t  XT  T  T  4  ^ 

x  T 1  ( 1  i  i  T  .  1  8  i 

TT-C  V  »t»ST  04  T 1 7 •  10TXS  IP  X1UB9 

O1ISI5O0 

INI TT4. 

XT1fl.S).?*0 

TTxr  s-;rx££x  14TlTCs»i otmj  ir  xas 

01) SI  700 

I  M  T  T I  4 

*T) f  | .4), 7S 

£XT  »14  »X»  tv  10TXX  M4$ 

oi) st  apo 

MTTT4. 

XT | f 1 .0) , J« 

£XT  MS  * x f  tv  tPTXS 

01) SI  SOI 

I  M  T  T  T  4 

XT  1  f| .10). 1 

Ml,  If  14  fS  f  xOs-ftifTfCT  SET«»CX 

01) s>100 

0  S  T  U 1 1 S  •  TX*JT  is  TV  04  V  S 

on  s?)  no 

f^TTT*. 

x«i  (>.  n . •>« 

xi-SM  1»  XJS  ST  x.t.  f  IS  •x*.|S|0TX01)  52/00 

1x1714; 

XT) r  4 • 1  ). Ti 

EXT  afS  X4x  x.C.  MS  »X»*T0T*XS 

on  s»so? 

TXTTT4.. 

Xt|  f « 1, 1 ) .  JS 

Vl.xrv  ST  x.C,  *1*  »XT-)(1TXS 

01) SFaoo 

TXTTT4; 

xri  (ti , n , to 

TXT  »»T  x 4 s  ST  ns  Pxf  »)OTmS 

011 s?soo 

TNTTI4. 

Xflfl.PT.P 

Xjstxjx  T»S»OT  TTXf  •  1  0 T x .S 

oi) s?soo 

IXTTT4; 

«1 S7.1S 

on  s ?7o ? 

txtTT4; 

x*1 fa.aT.o 

•  T CS £  Ofi.4T1-»4»TS/)  000  (SOOaSOX) 

on  s?soi 

T  x  T  T  »  4 

X*| (3.51,1 

4  JR  5S£  3Et4T  -10TXS 

O1ISJSO0 

T  x  t  T  T 4. 

XT) Cl, S), 70)03 

X  4  T  T.TfXi  XOtlS  PS33P4X  •  1  0  T  X 

on  sjono 

T  X  T  T  f  4  ; 

x»i (a. 7) .  o 

SDS9100 

T  xt  T  T  4  u 

XT) fa. ST. 5 

M“£  71  3£T  P4BT  Mix  ST1CX-11TX3 

01)  SHOO 

t  x  T  7 1  *  ; 

XTtfS.iT.s7Ji 

ST  X  1J4  T  T  Ox  TXTf»T4t  «)0Tx5  IT  *XS9 

on  slooo 

T  XT » T 4  _ 

«*1  f  i.JT.f) 

>iv4:;ojxT4s.t  xsiMS.n  xir  tx»4;t 

03) S1700 

T  x »  M  4  ^ 

x*l f 5.ST.3 

Sfxj  iTTTx.SDT  SH3«  MO  ts 

on  ssson 

t  XT  T  T  4 

TMfs.m.o 

3JT»j7  TJtTlS 

on  s jsoo 

tXTT»4_ 

XT)  f  T, 7) ,  1 

,IX4Cr0JX74S.C  PXP  XHIOS 

oil s#non 

r  x  I  r  r  *  •_ 

xtus.it.o 

ii) sai no 

I-ITTI4. 

xti  r  a.  i  (it  .  t 

4JX9»S  3»  (»  S3J4"<9 

insa?oo 

IMTTT4. 

XT Sf 1 , 1 T.Sfl 

1ST  JXt»T  3)S4TT'0v-)"TmS 

oi) sasoo 

TXTTT  »_ 

xTif  j. n .so 

?T0  Sxf *T  0 JS4TT3V-) OThs 

nil sasoo 

l  X  T  T  T  4  •_ 

XTSfl.sT.SO 

9 T 4 ST  )ST  »xt»T  0»»SFT  -10T*x9 

Oil SSSOO 

T  XT  T  T  4  _ 

T1 »1 .IS  x  jxxr  t 

0*  4/C  »?*  :iXJ4VT 

on  S1600 

»  XT  T  T  4 

xx) M . ST . ) 

U»"x;x  •  )  x| s9tnv  tv»F-1ST  »S! ‘TBlTTon  ssToo 

TXTTT4L 

XX) f J.ST.1 

LSMX^X  S  ?  xjsstov  TT0E-19T  PSX0BITT01)  SSSOO 

T  X  T  T  T  4  ^ 

-x) f S.5T.T 

L4g*,:x  •  J  XI99T0T  TTPE-19T  p»I  OBI Ttoi)  SSSOO 

t  XT  TT  4^ 

xxi f a.ST.l 

t4uv;x  •  a  xT99nx  type-TST  psiOPITtod  ssooo 

INITI4. 

xxi f i.ST.I 

L4iin;x  •  S  xISOTOX  TY*E"t  9T  PSf  OPI TTfll)  S51  08 

I  X  T  T  T  4 

xxi r s.ST , 1 

U4un:x  s  %  XI99I0X  TYPE-tST  p»I!»SITT01)SS?0" 

I'tvui 

xxi f T.5T.I 

t»’is:x  •  7  XIS9T-3V  TVPE-19T  Psn*!TTOi)SSSOO 

I  XT  T  T  4  ^ 

XX)  f  s , s )  , ) 

L4i.n:x  t  S  XIS9T0V  TTPE-1ST  P»n«TTT0i)  SSOOI 

I  X  T  T  T  4  •_ 

XX) f ».ST , t 

i.4'iv:x  t  »  xts9nx  tvpe-ist  PtnuiTTonsssno 

T  IT  T  T  *  >. 

XX| f ) . ) 11 , J 

L*ux;x  •  j  xJ-B£B  4/C  •  l  9T  PST OBt TT01)  S5S00 

|  X  T  T  T  *  L 

XX) f >. ) OT . 5 

L»i'i;x  *  ?  Xt)x9£B  4/C  -1ST  PStOBITTOi)  SSTOO 

T  v  T  T  T  4 

x  x  j  f  s ,  i  1 )  ,  J 

;4l'x;x  t  }  TOxHtB  4/C  -1ST  PSIOBITTOJI  S5S00 

T  XT  T T  4 _ 

x  x )  r  a .  )  0  T  •  4 

L4mx:x  «  a  a  JxB?  B  4/r  -)9T  PSJOBfTTflU  SSBOO 

1X77)4. 

xxi r  ?, | 3j , s 

C*"n;x  <  S  xJ«»!P  4/r  -)9T  Pan»7  TTni|  ssnoo 

8 


TABLE  III.  Continued 


T'fTTH. 

--I 

(\» 

on.  J 

L * Ii4i« 4  •  4  4j4*r*  */C  -1ST  »*t!»*IT»011 

9k1  00 

r*r 

441 

1  t. 

131.) 

t*n'i;4  •  7  *u4b;»  */e  -ist  mikitoh 

59200 

t'U’f*: 

441 

(  4. 

1*1.1 

L*')n;4  «  5  4.149*9  */C  -1ST  »9t3B!T 

70)1 

4*500 

rvrrti. 

441 

(J/ 

10). 1 

L*"9;y  *  *  9J-5E4  t/r  -1ST  MnllJTTIII 

44(00 

HTTP. 

441 

(  1  # 

U1.71 

TT-E  71  *£*,79  1ST  ;*ll9C«i  »9£». 

-HJ9  2  :.3!<  JvtTS. 

on 

OH 

4*500 

5**00 

7  -TTP. 

441 

f  >| 

1  11 .  1  S 

77-*  9  £  7  «£f  y  747  5  ;*>J9C*i  4  *9*V73JS 

01 

5*700 

7-ttp. 

4*41 

r  I* 

111.15 

77-!  4*7  »££4  T  4 1 9  ;»<I9C-  t  99*4f3JS 

on 

4*400 

HTTP. 

441 

f  'if 

i  n.is 

Tf-E  4£T«£»y  74T9  w»ijnC4  t  •4»vt3J9 

0)1 

5*900 

pit  Tp. 

441 

t 5. 

111.15 

TT-E  4£ 7  4££ *  7475  ;»U9C*  5  »9*VT0ll5 

0)1 

57000 

Hitt*; 

441 

(*. 

111.15 

T 7 -£  4£74£*v  7479  •„*I|9C-  4  M£VI0U9 

on 

57100 

HTTP. 

•41 

(  7, 

111.15 

77-£  5* 1 4 ££ 4  74J9  ;»H9C-  4  *4EyT3d5 

on 

57200 

7-7  TP. 

441 

(l# 

111.15 

71-£  4*r«£E9  74fS  ^»'I4Ch  4  *9»VIDU9 

on 

57400 

pf  rtf*'. 

441 

(i. 

111.11 

TT-E  5*7 i£*4  7479  ;«'.»9e-  4  »9*VI3J9 

0)1 

47(01 

»STTf «. 

441 

(  1  • 

121.9 

9J-9**  1*  .•J4C-E4  »(B 

111 

47500 

HTTP; 

441 

f  4. 

121.0 

SL*C<  77 4£  -149739  T»9E  l  (10749) 

on 

57*00 

79771*. 

4  11 

u» 

121.0 

7374.  Tf 4£  *454  £*;„  7(1  L  »U9C  —  1  0  H31 11 

57700 

79777*; 

441 

(*. 

i  11.0 

£-7  *1*  »T*:0E-  t45*.-l'»T4S 

Oil 

47*00 

Hf  77*. 

441 

(1, 

151.3 

71  -£  71  9£  **  IfT  *93979-107-3 

011 

47900 

T  V  T  T  T  *  „ 

4  4  | 

( 1 1 

171,973 

9*9;»4T  H-*t,7  491*75  9£9t»CE3/1000 

on 

41000 

HTT?*; 

441 

f  1  , 

151.1 

43.9744157  4/C  47  -795114  TyBr 

on 

491  on 

HTTP’. 

44J 

( 1  • 

15). 7 

*1,7  U*|*ny  *09  45497  9E9l*C*“£4T$ 

on 

49200 

T*TTT»'. 

441 

1 1 . 

14).? 

43.  »»*;4.y:4  E  y£4T*  9 V  419*144  TyBEQH 

49500 

r  VT  T  r  *. 

441 

( 1  * 

>11.5 

7745  .4  |y£4  «r4VH  97479  3*74 

on 

44O00 

HfTp. 

44* 

f  »* 

.11.2*)) 

793  7*7**-*;  (4  499-TTE4  a  j 

nn 

49411 

TMTTT4. 

4  4* 

04 

.21.141) 

793  t4T£m,  14  -B4-TTE-  a  2 

on 

44*00 

HTTf*. 

44* 

04 

.1).?«11 

743  Ts7*»«,  1 4  4»9-tTE4  a  5 

on 

49TO0 

HTTf*; 

44* 

(»* 

.*).1»D 

793  HP.»y»;  14  499-7  TE  —  ■  • 

Oil 

49401 

HTTf*. 

44* 

04 

.51.1?!) 

793  147**74;  I 4  -95-7TF4  ■  5 

mi 

45900 

HTTP. 

44* 

f  »* 

,*).1?11 

793  747**71;  14  495.7754  ■  * 

111 

4*000 

T9T7T*; 

44* 

t  »* 

. 7 ) , 1 >} ) 

793  |47£*74;  Iv  499-7TE-  a  7 

an 

4*100 

HTTT*l 

44* 

(»» 

•  *  1 . 1 ?3  1 

793  T4T£*74;  1 4  499-7TE-  ■  8 

011 

4*200 

HTTP; 

44* 

(»* 

»9)«?*11 

793  T4T£»74'  14  499- 7TE4  a  9 

on 

4*500 

t  M  T  Tt  4. 

--* 

f  >* 

,10).?110 

793  l47»*y»;  1 4  494. TTE-  •  10 

on 

4*(00 

HlTf*. 

44* 

f  >* 

.111.1230 

793  TvT***»;  14  495-T7E4  a  11 

on 

4*500 

HTTP; 

44* 

{  *  * 

. 171.1210 

790  7vT£*7»i  1 4  495. TTE-  •  1? 

on 

5»*no 

T  MT  TT  4W 

44* 

(»* 

,1S).1?1" 

793  747**74.,  1 4  494-7TE4  a  15 

on 

4*700 

t  i  7  7  T  *; 

44* 

04 

.1(1.1230 

793  |vT»*7t;  14  499-T7E-  ■  t( 

041 

4*90* 

T  T  T 1 4  •_ 

44* 

( *s 

.151,511 

793  7  47**74;  14  499-7  TE-  •  15 

on 

4*900 

HTTT*; 

44* 

r  >* 

.141.513 

753  147**74.,  1 4  -99.TTE4  •  1* 

on 

*onon 

HTT;*; 

4<* 

( »* 

.171.50300 

7  93  747**74;  1 4  4B5-TTE4  U  17 

on 

*0101 

T  >4T  T  T  *U 

44* 

f  ?* 

.141,50301 

793  147**74;  14  4B9-TTE4  a  14 

on 

*1200 

T  WT  TT4. 

44* 

(  »7 

.11.051 7 

793  I7»-.£t*-C-4T  a  1 

041 

*9501 

f  X  T  t  T  4^ 

44* 

or 

.21. 0125 

793  T7*«—:i*-E4T  a  2 

041 

*1(00 

l  4  T  T  T  4 

44* 

H7 

.51.05?* 

793  »7*-.r;£-E4T  a  1 

04  J 

*0500 

HTTT*L 

44* 

C»7 

.0.0455 

793  T7*-.£;*-E*)T  a  a 

(PI 

*9*00 

H  7  T  7  *  ; 

44* 

or 

.51.0155 

T93  7T*-.£;?-E4T  a  5 

14| 

0701 

I  ^  T  T T  4J. 

44* 

(»7 

.41.0557 

793  T7»-.£;*-E4T  a  0 

nn 

*9*00 

HTTT*; 

44* 

(>7 

,71,055* 

793  TT*-.£;*-E4T  a  7 

041 

*9900 

HTTT*. 

44* 

or 

.4).05at 

793  TT»-.;;e-E4T  a  9 

on 

*1009 

T  T  T  T  4 1 

44* 

or 

.91.050* 

793  7  T»-.£;E-EvT  a  * 

nil 

*1100 

1471141. 

44* 

f>7 

,101.0457 

793  T7*-.*lC-C4T  a  p 

on 

*1200 

TABLE  III.  Continued 

•*Sf>7.11).i7li 

743  TT*x.;w*-C*lT  *  n 

41141409 

T*TTT».. 

**Sf *7.121,1712 

74)  TTf x.r^rxfsT  •  1* 

m  si  an 

Isf 7T»l 

^TOT.ITWnH 

T43  TTfx.lLf *ExT  *  1) 

01141493 

I'lTTT*. 

xxsf *7,1*1.9770 

TB3  TTlx.Et'xfxT  j  la 

0 1 1  SI  65  9 

1  X  T  T  T  *  •. 

-xsf  >7, 15? .  n  >7 

7N3  tT?«.»tCxfsT  •  14 

111  Si  703 

tVTTTi. 

**Sf  >7, 1 *1 , 11)1 

74?  I»fx.rLrx£xT  •  Is 

ill  Si *01 

T  X T  T T  |i. 

**Sf >7,171,1 1  la 

743  TT?x.rt»xevT  *  IT-  D'ixxv 

Oil  Si  790 

I  XT  f T 

»XSf >7.141,1 1  la 

743  T7;x.Ji.r -Es7  •  14-  oi'x«v 

111 S?103 

T  XT  T  T » i. 

xxl fs.l7T.1443 

3J7»7T3s  JT  T’.TJxC  Tx7r»V*<_ 

111 S?l 01 

T  XT  T  V  *_ 

*»|f).>).l*i  MT'T  THx.;ixt»3l  )s  7t«E  *  2  ns 

011 S?>01 

**)f). 11.40  SXT»T  T*9X0:)XT»3L  IS  TfxF  ■  ?  33** 

Oil Si103 

t'JTTt*. 

*<)f 4.01.60 

TXJTT  •  >  3*T4fT 

0  1 1 s?u0  9 

t  X  T  T  T  »  _ 

x»lf4.»1.1  4T*JL»TF  *,;rj7 

Oil S2SO0 

T  X  t  T  T  4 

x»  1  (  i  ,  a  ) .  5#  4  x  f  *  7  a  i  jrfSET  xlxuT  >  C.'i.S 

OH  S2S09 

T  x  I  T I  4 

XXI  {  »,  1  >)  , 

7  TfX  4{7«EEX  L*47  :»IU  4  XT )S  TCxT 

Oil S?T19 

IxTTtli 

xxsf  »*. 1  T  .  S 

7fX3W»T  • W*X»XT  )I4»fa*C3S?. ,6«)VM) 

Oil S?*00 

TNTTT4. 

xxsf 1 4, 1 T . S 

Rfx3x*T  E'.C-EsT  0TS»fi»»C3,'0.,S»)Vx; 

9 1 1 S?8fl  9 

f  x  T  T 1 4  . 

xxsf >4, 2). 6 

»fxiyr)  J,,£xf  s7  )T 5»f o«C3sO , , 6*3xm) 

Hi  S)109 

T  x  T  T  i  4  >. 

xxs  f  >4 ,  1) ,4 

•  E *3 v ? T  Tl€x*s7  )T4*f««C3N3.,t40vx) 

HI  sll  03 

I  XT  T| 4W 

xxsf  >4,  J)  .4 

arxnxrs  r.£xvxT  )I4»fa«C3s).,*63VH) 

01111*03 

tVTTT4: 

-X%f >*,51.6 

»F*3</»)  !ufx»vT  )!4Xf4«C3‘<0.,6«-3VxT 

OHSlIOO 

I X  T  T  T  *  U 

xxsf  >5.Sl .4 

3f xii/f t  T-.txtnT  3!4»fa«C3x3,,s«?wx) 

HlSiaOl 

IXTTII. 

xxsf >4. 7). 4 

7£  x3y  f  S  »»E“fS7  ) f 4* f a «C 3N) . , fc»3wx ) 

O11SI503 

I XT  TT 4. 

xxsf >5,51,6 

7  £  *lv  E 1  JuExt'NT  3I$»f««C3N0.,6t3TH) 

OlISlSOO 

I  X  T  T  t  4  ^ 

xxsf**, 71,6 

»£x)w?T  I.fxrvt  TT)*fa4C3s0,,6«)vx) 

0911)703 

I  XT  TT  4W 

xxsf**, JOT, S 

7f  X)V  T T  1;{x!xf  3I4»fa«C3S)..6»3VX) 

0911)400 

f  X  T  T  T  4  ^ 

xxs ( >• , 1  1  J  ,  S 

*E  X3V»  3  r_»XfXT  3T)*f 0»C3«3, ,6«3XXT 

on  slam 

IXTTT4L 

xxsf >4,12), s 

“t'xnxr)  TLfx»xT  )I4»fa»C3x),  ,6»)VXT 

OH  14003 

f  X  T  T  T  4  •_ 

xXSf  *4. • 11  .S 

4E*3v?)  TuExfsT  3l5»faaC)s9.,6«3vxT 

941H109 

1 XTTT4. 

xxsf  >*, 1 x  T  .  S 

»f xiyr)  »u£xt'iT  3T4»foaC3xD,,fciDvHT 

OH  S#»0O 

IX»TI«. 

xxsf >4.tS),S 

8£*3*E3  f.fxfiiT  3I4»f«aC3N3,,6*3vx) 

oil S14O0 

I  X  T  T  T  4 

»xsf »«,16l  ,S 

*E x)x c  1  7kC“!x7  3TS*faaC3s3..60«H) 

oh  saaoo 

!xTTf4. 

**Sf  »). 1 71 , 6 

*E x3»/T t  ElExEsT  3!4»faaC3s0..ka)«fM) 

091 17500 

TX»  TT4. 

xxsf  > • , 15)  ,s 

aExxvrs  TL?XfS7  3I4»(a»C3xO, ,S»3X«) 

oil  HS09 

T  XT  T  T  4 . 

4X74.14)6 

3  J“«* 

011 S8709 

TXTTT4. 

<1 44. 1 0?0 

»x»  T  x  f  * 7x»  o- 1 0  7x4 

091 S»»09 

TX»TT4; 

*171,1  ■<  3,  I* 

x3v-»39<TxJ  xij7S/w££«  -117x4 

01117749 

*  (<«t  M  J*E3 

TT  *,.»*.  3**  sxirr  ••E*<E'O,xij7S-i,E.-*1*Ja«80 

011 S>404 

«  *r  j  mj  *«»£<»x^ji  Jtr.  TT  TT  X 

*•7  JST)  TJ  T  T?  XT  4*4  3*  * 

OHSi'OI 

T  XT  T  T  4„ 

<i*u,C  3  jxx»  .  *3  IxMTT  x£  :x.«7 

Oil S>*00 

l  X  T  T  T  4  _ 

*173.259  x3.XJ.i74  5ET-EES  »xt-S 

PH  95)00 

T  X  T  T  T  4  . 

*17*.  7  N3,  3»  « 

17< 1 45  TIM/<!*< 

HlSjaPO 

tXTT*4. 

O  7).  133.13 

Till  4*7. EES  ax* • 4 

011 9S«i  9 

I  XT  T T 4 . 

7' 7S. 33 

•  1178  »X»  -TN3Dx  IS  3PEs 

OH  S)#?1 

10 


HLH  -  Baseline  Model  Definition 


All  RtM  input  parameters  employed  in  the  definition  of  the  HLH 
model  have  been  developed  extraneous  to  this  study  by  Boeing 
Vertol  Reliability  and  Maintainability  Engineering  Analyses. 

In  all  these  analyses,  the  baseline  mission  and  maintenance 
concept  were  held  constant  (and  identical  to  those  subse¬ 
quently  employed  in  the  simulation  model  development)  . 
Described  by  prudent  synthesis  of  analytical  evaluation  and 
engineering  judgement,  the  baseline  HLH  model  is  the  most 
accurate  representation  uf  the  realistic  application  of  the 
aircraft  available. 


HLH  Baseline  Mission 


It  is  anticipated  that  a  standard  HLH  company  will  contain  9 
aircraft.  These  aircraft  will  each  fly  approximately  50  hours 
per  month,  primarily  composed  of  2.0-hour  missions. 

Again,  as  was  the  case  for  the  CH-47C  baseline  model,  a 
standby  aircraft  is  required  at  all  times  during  scheduled 
flying  operations. 

Table  IV,  the  first  page  of  output  of  the  HLH  simulation 
model,  defines  the  unique  call  times  and  numbers  of  aircraft 
per  launch  for  the  baseline  HLH  model. 


HLH  Baseline  Maintenance  Concept 

The  HLH  maintenance  concept  is  centered  upon  a  600-hour, 
periodic  inspection  divided  into  12  autonomous,  50-hour 
phases.  In  reality,  each  of  these  phases,  with  only  minor 
overlap  for  inspecting  safety  of  flight  items,  will  inspect 
distinct  sections  of  the  Jircraft.  The  aircraft  has  been 
partitioned  (with  respect  to  maintenance)  into  12  segments, 
each  of  which  requires  approximately  the  same  amount  of  look- 
phase  inspection  time. 

Theoretically,  the  components  located  in  the  aircraft  parti¬ 
tion  being  inspected  during  any  phase  of  the  PMP  should  have 
a  higher  probability  of  maintenance  than  those  not  being  in¬ 
spected.  However,  due  to  a  practical  limitation  of  the  model, 
this  area  has  been  intentionally  biased.  That  is,  at  each 
inspection  phase,  the  same  relative  probability  of  detection 
distribution  has  been  employed.  It  is  felt,  however,  that 
this  bias  is  minimal,  considering  the  number  of  PMP's  being 
performed  per  simulation  and  the  size  of  the  random  variation 
in  detected  elements  generated  by  each  simulation  run. 
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TABLE  IV.  HLH  BASELINE  MAINTENANCE  CONCEPT 


Scenario  Simulated 

One  platoon  of  nine  Army  helicopters 

Flying  program  consisted  of  7  flying  days  per  week, 
with  each  simulation  interval  covering  an  8-week  period. 

Mission  duration  is  2.0  hours  with  a  utilization  of 

100  mission  flying  hours  per  aircraft  for  the  8-week  period 


0700 

2 

Aircraft 

1000 

1 

aircraft 

1300 

3 

aircraft 

1400 

1 

aircraft 

1900 

2 

aircraft 

Other  Flight  Considerations 

Standby  aircraft  ready  at  all  times  during  the  scheduled 
flying  intervals. 

Mission  flight  is  possible  up  to  30  minutes  after  scheduled 
flight  time.  After  this  interval,  flight  is  scrubbed. 

Maintenance  Concept  Simulated 

Phased  periodic  maintenance  inspections  occur  at  twelve 
intervals  of  50  hours. 

Preventive  maintenance  periodic  (PMP)  inspection  is  com¬ 
pleted  at  600-hour  intervals. 

FIRM  inspections  occur  daily  if  the  aircraft  has  flown 
or  every  72  hours  if  not  flying. 

Maintenance  personnel  are  available  between  0600  and  2200 
during  the  7-day  flying  period  per  week. 

The  aircraft  consists  of  182  elements.  There  are  no  time 
change  components  within  this  total. 

A  10-hour  inspection  is  performed  every  10  flight  hours 

Organizational  maintenance  includes  an  integrated  direct 
support  maintenance  capability. 

Off  equipment  component  maintenance  is  performed  at  the 
depot  level. 

Condemnation  or  NRTS  status  is  a  dummy. 

Evaluation 

Basic  HLH  mission  and  maintenance  philosophy. 
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The  other  elements  of  the  HLH  maintenance  concept  are  a  10- 
hour  inspection  and  a  firm  (daily)  inspection. 

Table  V  identifies  the  parametric  values  employed  in  the 
baseline  HLH  maintenance  concept. 


Figure  3  shows  the  logical  interaction  of  the  elements  of 
the  baseline  HLH  model,  and  quantifies  some  of  the  significant 
O&M  parameters. 

Evaluation  of  Government  Furnished  R&M  Simulation  Model 


The  Government-furnished  R&M  simulation  model  provided  Boeing 
Vertol  to  use  in  this  analysis  was  defined  upon  a  UH-1N  air¬ 
craft  and  Army  operational  procedures.  The  model  is  written 
in  GPSS  and  requires  approximately  300,000  bytes  of  CPU  core, 
and  5  minutes  of  CPU  time  to  execute.  Originally,  the  model 
was  logically  too  tight  for  general  application.  That  is,  the 
model  was  so  dependent  upon  the  R&M  characteristics  and  mis¬ 
sion  scenario  cf  the  UH-1  helicopter,  that  it  required  signif¬ 
icant  modification  in  order  that  it  could  be  applied  in  the 
manner  required.  The  critical  areas  requiring  modification 
were,  (1)  generalization  of  mission  length  application,  (2) 
generalization  of  PMP/PM1  decision,  (3)  activation  of  NORS 
logic,  (4)  accountability  of  NORS  downtime,  (5)  expansion  of 
PMI  ]ogic,  and  (6)  an  increase  in  the  number  of  aircraft/ 
company  the  model  can  accommodate. 


Forty-three  blocks  of  logic  were  added  to  the  original  twelve 
hundred  and  forty  blocks.  Twenty  blocks  of  logic  were  modi¬ 
fied.  Approximately  three  hundred  cards  were  added  to  the 
output  editor.  Several  new  variables  were  defined.  Approxi¬ 
mately  three  hundred  savevalues  were  modified.  The  one  hundred 
seventy  three  variable  statements  were  labeled  and  the  initial 
cards  used  in  the  CH-47  and  HLH  models  were  labeled. 


It  is  felt  that  these  generalizations  to  the  model  enabled 
Boeing  Vertol  to  accomplish  the  contractually  required  com¬ 
parative  analyses  in  a  more  timely  manner  than  would  have 
been  possible  employing  the  original  model  without  modifica¬ 
tion. 


Appendix  VI  presents  a  detailed  identification  of  the  modifi¬ 
cations  made  to  the  original  Government-furnished  R&M  simula¬ 
tion  model.  These  changes,  taken  in  conjunction  with  the 
documentation  of  the  original  UH-1  model  in  Army  Technical 
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Report  73-75/  constitute  the  total  documentation  package  for 
the  CH-47C  and  HLH  baseline  R6M  simulation  model. 


TABLE  V.  BASELINE  HLH  MODEL  PARAMETERS 

•  9  aircraft  per  platoon 

•  50-hour  phased  PMP,  requiring  2.5  men  for 
8 . 0  hours 

•  10-hour  inspection,  requiring  2.5  men 
for  4.0  hours 

•  Firm  inspection  performed  at  2100  each  day 
requiring  2  men  for  0.3  hour  each 

•  All  components  operate  on-condition 

•  Utilization  of  50  hours  per  aircraft  per  month 

•  Basic  mission  length  of  2.0  flight  hours 

•  Maintenance  action  rate  of  1.05  per  flight  hour 

•  Flying  and  maintenance  take  place  7  days  a  week 

•  2  maintenance  shifts  of  8  hours  each  are  used 

each  dav 
* 


R&M  INPUT  DATA 


INTRODUCTION 


In  order  that  the  data  collection  and  analysis  task  would  not 
dominate  the  total  engineering  effort,  this  study  was  intended 
to  make  maximum  use  of  available  CH-47C  and  HLH  R&M  data.  All 
basic  R&?1  data  elements  such  as  maintenance  action  rates, 
mean  times  to  repair,  and  crew  sizes  have  been  extracted  from 
Vertol-developed  and  -maintained  data  banks.  It  has  been  as¬ 
sumed  that  all  R&M  data  elements,  extracted  from  the  data 
banks  and  transformed  into  a  format  compatible  with  the  model 
requirements,  are  quantitatively  and  qualitatively  valid. 


DATA  SOURCES 
CH-47C 

R&M  data  inputs  for  the  CH-47C  have  been  extracted  from  the 
Boeing-Vertol  CH-47C/L11  Reliability  and  Maintainability  Field 
Experience  Summary,  based  on  4132.2  flight  hours  at  the  U.S. 
Army  Aviation  Test  Board,  Fort  Rucker,  Alabama,  between  June 
1969  and  September  1970. 

HLH 

R&M  input  data  for  the  HLH  have  been  extracted  from  Boeing- 
Vertol  Document  D301-10004-1 ,  HLH  Preliminary  Design  Objec¬ 
tives  for  the  subsystems  not  covered  by  the  HLH  Advanced 
Technology  Components  (ATC)  contract.  For  the  subsystems 
covered  by  the  HLH  ATC  contract,  the  R&M  input  data  have  been 
extracted  from  the  individual,  elemental  Maintenance  Engineer¬ 
ing  Analyses  (MEA's)  performed  by  Boeing-Vertol  maintain¬ 
ability  engineering  under  the  HLH  ATC  contract. 

CH-47C  R&M  DATA 


The  basic  R&M  data  used  to  develop  the  majority  of  functional 
and  probabilistic  inputs  to  the  CH-47C  model  are  contained  in 
Appendix  IV.  It  is  felt  that  these  data  elements  and  their 
relationship  to  the  model  function  table  requirements  are 
straightforward,  not  requiring  any  detailed  discussion.  This 
section  discusses  those  input  data  elements  which  were  devel¬ 
oped  analytically  or  through  engineering  judgement  and,  as 
such,  warrant  greater  consideration.  The  function  tables 
falling  into  this  category  are  functions  2,  10,  12,  14,  and  5b. 

Function  2  -  The  event  probabilities  of  success  coded  in  this 
table  are  based  upon  an  analysis  of  the  previously  mentioned 
CH-47/L11  R&M  field  experience  summary. 
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This  evaluation  showed  that  for  the  PMI  and  PMP  inspections, 
there  was  virtually  no  probability  of  successfully  performing 
the  ground  event;  therefore,  for  the  PMI  and  PMP  events,  num¬ 
bers  8  and  17,  respectively,  in  function  Table  2,  a  value  of 
.000001  has  been  coded. 

This  data  analysis  showed  that,  essentially,  all  daily  inspec¬ 
tions  resulted  in  unscheduled  maintenance  actions.  However, 
the  data  showed  that  the  mean  time  between  daily  inspections  is 
6.7  flight  hours.  Further  analysis  shows  the  average  utiliza¬ 
tion  per  aircraft  per  day  is  3.5  hours.  Thus  the  average  num¬ 
ber  of  days  between  dailies  based  on  historical  data  for  the 
CH-47C  is  estimated  as  1.9  days.  The  model,  as  presently  con¬ 
structed,  generally  distributes  use  uniformly  over  each  air¬ 
craft  per  company,  rather  than  using  one  aircraft  per  day, 
which  is,  according  to  current  CH-47C  data,  presently  being 
employed.  Therefore,  a  probability  of  detection  of  1/1.9  has 
been  employed  as  the  best  estimate  of  daily  inspection  proba¬ 
bility  of  failure.  Thus  for  the  daily  inspection  events,  num¬ 
ber  16  in  function  Table  2,  a  value  of  .500000  has  been  coded. 

Function  10  -  This  function  table  contains  the  cumulative  dis¬ 
tribution  function  (CDF)  for  the  number  of  maintenance  actions 
detected  in  flight,  given  that  at  least  one  maintenance  action 
has  been  detected  in  flight. 

Quantitative  data  is  not  available  for  defining  a  table  of  this 
type;  thus  the  distribution  has  been  defined  based  on  engineer¬ 
ing  judgement.  The  expected  number  of  maintenance  actions  de¬ 
tected  in  flight,  conditional  upon  the  detection  of  at  least 
one  maintenance  action  is,  1.1  maintenance  action  for  the  mis¬ 
sion  length  of  1.5  hours. 

Function  12  -  This  function  table  contains  the  CDF  for  the  oc¬ 
currence  of  multiple  maintenance  actions  at  the  daily  inspec¬ 
tion.  In  615  daily  inspections  contained  in  the  CH-47C  data 
base,  a  total  of  1913  maintenance  actions  were  detected.  This 
yields  an  expected  number  of  maintenance  actions  of  3.1  per  in¬ 
spection.  The  manner  in  which  these  maintenance  actions  were 
distributed  for  the  simulation  analysis  is  shown  in  Figure  4. 


MAINTENANCE  ACTIONS 

Figure  4.  CH-47C  Daily  Maintenance 
Action  Distribution. 
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Function  14  -  Contained  in  this  table  is  the  cumulative  dis¬ 
tribution  function  for  the  number  of  maintenance  actions 
detected  at  a  PMP ,  given  that  at  least  one  maintenance  action 
has  been  detected  at  the  PMP.  An  analysis  of  41  PMP's  con¬ 
tained  in  the  CH-47C  data  base  identified  2767  maintenance 
actions;  thus  the  expected  number  of  maintenance  actions  per 
failed  PMP  i3  67.5.  The  values  contained  in  this  table  have 
been  derived  by  assuming  that  the  distribution  underlying  the 
number  of  maintenance  actions  per  failed  PMP  is  the  normal 
distribution  with  mean  X  equal  to  67.5  and  standard  deviation 
S  equal  to  X/6  or  11.3. 

Function  56  -  This  table  contains  the  cumulative  distribution 
function  for  the  number  of  maintenance  actions  at  a  PMI,  given 
that  at  least  one  maintenance  action  has  been  detected  at  the 
PMI.  An  expected  number  of  maintenance  actions  per  PMI  of  6.7 
has  been  estimated,  based  upon  the  167  PMI's  contained  in  the 
data  and  their  resultant  1127  maintenance  actions.  Again,  as 
in  the  case  of  the  PMP  a  normal  distribution  with  mean  (X)  equal 
to  6.7  and  standard  deviation  (S)  equal  to  X/6  or  1.1  is 
employed . 

HLH  RfcM  Data 

Appendix  V  contains  the  basic  RfcM  data  inputs  employed  to  de¬ 
velop  the  HLH  model.  As  was  the  case  for  the  CH-47C,  the  tran¬ 
sition  from  predicted  RfcM  data  into  function  tables  is  basically 
straigntlorward  enough  to  require  no  further  discussion.  How¬ 
ever,  the  development  of  tables  2,  10,  12,  14,  and  55  for  the 
HLH,  where  no  data  was  available,  required  definition  and  im¬ 
plementation  of  a  mathematical  model  for  estimating  functional 
data  elements. 

A  brief  derivation  of  a  math  model  which  can  be  used  for  this 
purpose  follows.  The  fundamental  assumption  of  this  model  is 
that  the  number  of  maintenance  actions  detected  at  any  inspec¬ 
tion  is  positively  correlated  to  the  amount  of  time  spent  in 
look-phase  maintenance  at  that  event. 

Assume  that  three  inspections  exist  at  which  maintenance  can  be 
detected  for  a  certain  aircraft. 

Further  assume  that  for  each  of  these  three  inspections,  a 
known  time  between  occurrence  (fj.)  ,  crew  size  (C^)  ,  and  EMT 
(EMT^)  exists. 

Now,  establish  an  interval  of  arbitrary  length  (I.)  ,  such  that 
each  inspection  can  be  expected  to  occur  an  integral  number  of 
times . 

Then,  the  expected  number  of  maintenance  actions  per  each 
occurrence  of  inspection  i  can  be  estimated  as 
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(MTBMA) 


where  the  values  are  chosen  in  such  a  manner  that  the  MTBMA 
is  held  constant  over  interval  L. 

Now,  assume  that  the  number  of  maintenance  actions  at  inspec¬ 
tion  i  is  Poisson  distributed  with  mean  equal  to  the 


#  MA'S  \ 
9  inspection 


One  can  now  use  a  Poisson  table  to  calculate  the  probability 
of  exactly  0,1, 2, 3,.  ..  . ,  N,  .  .  maintenance  action, 

simultaneously  occurring  at  inspection  i. 

The  probability  associated  with  0  maintenance  actions  is  one 
input  required  by  the  model  -  viz  -  event  probability  of 
success,  contained  in  function  2. 

In  order  to  calculate  the  conditional  distribution  of  mainte¬ 
nance  actions  per  failed  event,  merely  divide  the  probabilities 
associated  with  each  number  of  maintenance  actions  by  (1-event 
P  (success)). 


Do  this  for  each  of  the  i  inspections .  Thus ,  both  types  of 
probabilistic  functions  required  by  the  model  are  developed. 

To  emphasize  this  technique,  consider  its  application  to  the 
HLH,  where  the  following  data  has  been  employed. 


Event  No. 

1 

2 

3 


Event  Name  Time  Between  Crew  emt  Deferral 


firm 

Occurrences 

2  hours 

Size 

2 

0.3 

Factor 

0.5 

10-hour 

10  hours 

2.5 

4.0 

0.5 

phased  PMP 

50  hours 

2.5 

8.0 

1.0 
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This  data,  when  taken  with  the  total  aircraft  MTBMA  (Mean 
Time  Between  Maintenance  Actions)  of  0.95  hour  is  then  used 
in  the  math  model,  yielding  the  following  results „ 


Event  No.  (i)  Event  Name  No.  Maintenance  Actions^/Cycle 


1  firm  7.5 

2  10-hour  24 

3  phased  PMP  20 


Thus,  using  the  frequency  of 
and  a  subjective  estimate  of 
maintenance  at  each  of  the  i 
has  been  developed  for  input 
tables . 


occurrence  of  the  i  inspections 
the  probability  of  detecting 
inspections ,  the  following  data 
to  the  probabilistic  function 


Event  No. (i) 

1 

2 

3 


w 

Event  Name  f^ 

firm  25 
10-hour  4* 
phased  PMP  1 


No.  Maintenance 
Actions^ 

@  Inspection^ 

1.0 

6.0 

20.0 


Subjective 
Probability  of 
Maintenance 

0.3 

0.999999 

0.999999 


This  data  is  then  used  to  define  function  tables  2,  12,  14, 
and  55.  Again  (as  was  the  case  for  the  CH-47C)  the  assumption 
has  been  made  for  the  PMI  and  PMP  inspections  that  the  number 
of  maintenance  actions  detected  per  inspection  is  normally 
distributed  with  mean,  X,  equal  to  the  expected  number  of 
maintenance  actions  per  inspection,  and  standard  deviation,  S, 
equal  to  X/6. 

For  the  daily  and  inflight  conditional  expected  number  of 
maintenance  actions,  function  tables  10  and  12  respectively, 
a  truncated  Poisson  distribution  has  been  subjectively  defined. 
The  frequency  distributions  employed  in  constructing  function 
tables  10,  12,  14  and  55  are  shown  in  Figures  5  through  8. 

Coding  of  the  data  presented  in  the  succeeding  plots  in  the 
format  required  by  the  function  tables  is  demonstrated  in 
Appendix  VI . 

*A  PMI  is  not  performed  concurrently  with  the  PMP,  thus  only 
4  PMI ' s  per  cycle  (not  5  as  would  be  calculated  using  the 
formula)  will  take  place. 
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9056  of  HLH  inflight 
maintenance  occurrences 
result  in  1  maintenance 
action.  IO56  result  in 
2  maintenance  actions 


100 

80 


NO.  MAINTENANCE  ACTIONS 


Figure  5.  HLH  Inflight  Maintenance 
Action  Distribution. 
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Figure  6.  HLH  Firm  Maintenance 
Action  Distribution. 
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Figure  7 


9  11  13  15  17  19  21  23  25  27  29 

NO.  MAINTENANCE  ACTIONS 

.  HLH  PMP  Maintenance  Action  Distribution 
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Figure  8.  HLH  10-Hour  Maintenance  Action  Distribution 


ALTERNATE  MISSION  AND  MAINTENANCE  CONCEPTS 


This  section  identifies  the  several  missions  and  maintenance 
concepts  defined  for  the  CH-47C  and  HLH  as  candidates  for 
simulation  in  the  R&M  model.  This  will  demonstrate  the  suit¬ 
ability  of  the  model  for  application  to  typical  maintenance 
analysis . 

All  missions  defined  are  considered  by  the  airframe  manufac¬ 
turer  to  be  feasible  applications  of  the  aircraft  being 
simulated. 

All  simulated  maintenance  concepts  are  based  on  realistic 
maintenance  applications.  As  such,  the  alternate  maintenance 
concepts  and  missions  defined  in  this  section  represent  a  cross 
section  of  Operations  and  Maintenance  (OfcM)  scenarios  in  which 
the  aircraft  could  be  utilized  and  maintained. 

ALTERNATE  MISSION  CONCEPTS 

CH-47C  Missions 

The  four  CH-47C  simulated  missions  shown  in  Table  VI  are  repre¬ 
sentative  of  the  aircraft's  uses.  The  following  discussion 
will  briefly  define  each  of  these  four  scenarios. 

Combat  Support  (Basic  Mission)  -  This  mission  is  based  on 
Chinook  experience  in  the  Republic  of  Vietnam.  An  average  of 
56  hours  per  aircraft  per  month  is  used.  Sixteen  aircraft  are 
located  in  one  spot.  Scheduled  missions  require  3  aircraft  for 
1.5  hours  per  mission,  and  a  standby  aircraft  is  constantly 
kept  ready  during  the  scheduled  flying  periods. 

Logistic  Support  (Alternate  Mission  1)  -  This  mission  has  been 
defined  to  be  representative  of  Chinook  application  in  a  sus¬ 
tained  surge  mission,  typical  of  a  relatively  high  intensity 
conflict.  A  full  company  of  sixteen  CH-47C  aircraft  are  lo¬ 
cated  and  deployed  from  one  location  in  a  resupply  mission, 
generally  requiring  seven  aircraft  per  mission  for  1.5  hours 
per  aircraft. 

CONUS  Minimum  (Alternate  Mission  2)  -  Several  peacetime  appli¬ 
cations  of  the  CH-47C  have  been  combined  into  a  composite  CONUS 
mission.  Eleven  aircraft  are  deployed  at  one  location  where 
they  perform  functions  varying  from  training  missions  to  cargo 
handling.  Each  mission  duration  is  1.5  hours,  with  one  air¬ 
craft  required  per  mission. 

Fort  Rucker  Lead-the-Fleet  Program  (Alternate  Mission  3)  -  In 
order  to  provide  Time  Between  Overhaul  (TBO)  extension  data  on 
CH-47C  dynamic  components,  several  Chinooks  (usually  three) 
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TABLE  VI.  CH-47C  SIMULATED  MISSIONS 

Combat  Support  (Basic  Mission) 

Utilization  ■  56  hours /month/aircraft 

2  hours/day/aircraft,  7  days  a  week 

Sixteen  aircraft  at  a  location 

One  standby  aircraft  is  required 

Logistic  Support  (Alternate  Mission  1) 

Utilization  -  168  hours/month/aircraft 

6  hours/day/aircraft ,  7  days  a  week 

Sixteen  aircraft  at  a  location 

Mission  length  is  1.5  hours  and  requires  7  aircraft 
No  standby  required 

CONUS  Minimum  (Alternate  Mission  2) 

Utilization  -  30  hours/month/aircraft 

1.5  hours /day /aircraft,  5  days  a  week 

Eleven  aircraft  at  a  location 

Mission  length  is  1.5  hours  and  requires  1  aircraft 
No  standby  required 

Fort  Rucker  (Alternate  Mission  3) 

Utilization  =  100  hours/month/aircraft 

5.0  hours/day/aircraft,  5  days  a  week 

Three  aircraft  at  location 

Mission  length  is  1.5  hours  and  requires  1  aircraft 
No  standby  required  _ i 
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have  been  located  at  the  U.S.  Army  Aviation  Test  Board  facility 
at  Fort  Rucker,  Alabama,  since  1963.  These  aircraft  have  been 
generally  flown  more  than  the  rest  of  the  CH-47  fleet. 

For  this  analysis,  100  hours  per  aircraft  per  month  has  been 
employed.  Each  mission  requires  1.5  hours  with  one  aircraft 
required  per  mission.  Flights  occur  5  days  a  week  rather  than 
7  days  a  week,  as  is  the  case  for  all  other  missions  defined 
herein  for  the  CH-47C. 


HLH  Missions 


The  HLH  missions  shown  in  Table  VII  represent  four  of  the 
possible  missions  in  which  a  Heavy  Lift  Helicopter  could  be  em¬ 
ployed.  The  following  discussion  will  identify  the  pertinent 
operational  characteristics  of  these  areas. 


HLH  Combat  Support  Mission 

This  is  the  baseline  mission  for  the  Heavy  Lift  Helicopter. 

Nine  aircraft  are  located  in  one  spot  and  a  utilization  of  50 
hours  per  aircraft  per  month  is  anticipated.  Flying  takes 
place  over  a  7-day  week.  Each  mission  requires  between  1  and 
3  aircraft  and  is  assumed  to  take  2  hours.  A  standby  aircraft, 
required  at  all  times,  is  kept  in  an  alert  status  during  sched¬ 
uled  flying  periods. 


HLH  Container  Unloading 


Three  Heavy  Lift  Helicopters  are  deployed  from  a  single  spot 
(possibly  a  harbor)  where  they  perform  a  container  unloading 
mission.  Due  to  the  large  amounts  of  cargo  to  be  moved,  mis¬ 
sions  of  this  type  could  be  expected  to  place  a  high  utiliza¬ 
tion  requirement  on  the  aircraft.  For  this  analysis,  a  util¬ 
ization  of  150  hours  per  aircraft  per  month  has  been  employed. 
Each  2-hour  mission  requires  one  aircraft  and  flying  occurs  5 
days  a  week. 


HLH  CONUS  Mission 


This  mission  is  a  composite  of  several  of  the  CONUS  missions 
in  which  a  Heavy  Lift  could  be  employed,  ranging  from  cargo 
handling  to  training  missions.  Nine  aircraft  will  be  deployed 
from  one  location.  Missions,  generally  requiring  three  air¬ 
craft  and  taking  2  hours,  will  take  place  on  a  5-day  week 
basis . 
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TABLE  VII.  HLH  SIMULATED  MISSION  PROFILES 


HLH  Combat  Support  Mission  (Basic  Mission] 

Utilization  ■  50  hours /month /aircraft 

1.8  hour  /day,  7  days  a  week 

Nine  aircraft  at  a  location 

One  standby  aircraft  is  required 

HLH  Container  Unloading  (Alternate  Mission  1) 

Utilization  ■  150  hours/month/aircraft 

7.5  hours/day,  5  days  a  week 

Three  aircraft  at  a  location 

Each  mission  is  2  hours  long  and  requires  only  1  aircraft 
No  standby  required 

HLH  CONUS  Minimum  (Alternate  Mission  2) 

Utilization  «  20  hours/month/aircraft 

1  hour/day,  5  days  a  week 

Nine  aircraft  at  a  location 

Each  mission  is  2  hours  long  and  requires  3  aircraft 


No  standby  aircraft  required 

HLH  Combat  Support  Surge  Mission  (Alternate  Mission  3) 

Utilization  -  280  hours/month/aircraft 

10  hours/day,  7  days  a  week 

Nine  aircraft  at  a  location 

Each  mission  is  5  hours  long  and  requires  3  aircraft 
A  standby  aircraft  is  required 
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HLH  Combat  Support  Surge  Mission 


One  of  the  more  important  operational  requirements  of  the 
Heavy  Lift  Helicopter  is  that  it  can  sustain  a  300-hour  per 
aircraft  per  month  surge  over  a  60-day  period.  This  mission 
would  typify  a  high-intensity  conflict  where  9  aircraft,  lo¬ 
cated  at  one  spot,  will  be  flying  essentially  every  minute  that 
they  are  available  for  flight,  7  days  a  week.  It  has  been 
assumed  for  this  analysis  that  each  mission  requires  3  aircraft 
and  will  take  5  hours.  Due  to  the  importance  of  this  mission 
and  the  realization  that  contingencies  could  arise  requiring 
that  an  additional  aircraft  be  displaced  to  some  other  loca¬ 
tion,  a  standby  aircraft  is  required. 


ALTERNATE  MAINTENANCE  CONCEPTS 
CH-47C  Maintenance  Concepts 

Five  maintenance  concepts  have  been  developed  for  the  CH-47C, 
consisting  of  the  baseline  existing  CH-47C  maintenance  concept 
and  four  alternative  maintenance  concepts.  The  four  varia¬ 
tions  from  the  original  or  baseline  concept  represent  signifi¬ 
cantly  different  philosophies  of  scheduled  inspection  and 
scheduled  maintenance,  varying  from  levels  of  TBO's  for 
dynamic  components  to  the  elimination  of  all  TBO's  from  the 
aircraft,  that  is,  operating  the  aircraft  on  condition.  The 
following  discussion  will  briefly  define  each  of  these  five 
maintenance  concepts. 

For  all  runs  of  the  CH-47C  comparative  analysis,  the  same  Table 
of  Organization  and  Equipment  (TOE  Number  1-258H)  has  been  em¬ 
ployed.  The  personnel  allocated  within  this  TOE  has  been 
aggregated  into  7  categories  of  personnel  types  for  use  in  the 
simulation  analysis.  The  quantities  of  personnel  for  each  of 
these  7  categories,  and  the  corresponding  Army  Military  Occu¬ 
pation  Specification  (MOS)  designations,  are  shown  below.  Two 
shifts  of  8  hours  each  were  used  for  all  runs. 


Skill 

Code 

MOS 

Number 

MOS 

Nomenclature 

Shift  1 
Quantity 

Shift  2 
Quantity 

01 

67UXX 

Helicopter 

Repairman 

20 

10 

02 

68GXX 

Airframe 

Repairman 

12 

6 

03 

35KXJ'. 

Avionics 

Repairman 

3 

2 
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Skill 

MOS 

MOS 

Shift  1 

Shift  2 

Code 

Number 

Nomenclature 

Quantity 

Quantity 

04 

35LXX 

Avionics 

Repairman 

2 

0 

05 

68FXX 

Electrical 

Repairman 

4 

2 

06 

68HXX 

Hydraulics 

Repairman 

2 

0 

07 

68EXX 

Rotor 

Repairman 

2 

0 

CH-47C  Existing  Maintenance  Concept 

Table  VIII  identifies  scheduled  maintenance  requirements,  in¬ 
spection  requirements,  and  mission  information  data  on  the 
baseline  CH-47C  mission.  It  can  be  seen  from  this  table  that 
TBO  levels  vary  from  300  hours  on  the  engine  to  2400  hours  on 
certain  elements  of  the  shaft  assembly.  The  inspection  con¬ 
cept  calls  for  the  performance  of  the  daily  inspection  after 
the  last  flight  of  the  day  or  preceding  the  first  flight  of 
the  next  day,  an  intermediate  inspection  performed  in  25-hour 
increments,  and  a  periodic  inspection  performed  every  100 
hours.  Fref light  and  postflight  inspections  are  not  performed 
by  the  maintenance  crew  and  are  therefore  not  chargeable  to 
maintenance.  These  inspections  are  merely  walkaround  safety- 
of-f light  inspections  performed  by  the  pilot,  copilot,  or  crew 
chief  before  and  after  flight. 

CH-47C  Maintenance  Concept  -  Alternate  A 

This  simulated  maintenance  concept  shown  in  Table  IX  is  based 
upon  the  presently  considered  baseline  mission  and  maintenance 
concept  for  the  Heavy  Lift  Helicopter.  The  scheduled  mainten¬ 
ance  concept  for  the  aircraft  requires  all  components  to  be 
operated  on  condition.  The  inspection  concept  requires:  (1) 
a  firm  inspection  which  can  be  considered  analogous  to  the 
daily  inspections  of  the  CH-47C  baseline  mission  except  in 
terms  of  duration  and  content  of  those  things  inspected;  (2) 
a  10-hour  inspection  performed  in  conjunction  with  the  firm  in 
spection  which  covers  those  areas  previously  considered  per¬ 
formed  in  the  daily  inspection;  and  (3),  the  Phased  Periodic 
Inspection  (PPI)  which  is  performed  every  50  hours.  In  per¬ 
forming  the  various  phases  of  the  periodic  inspection,  the  air 
craft  is  divided  into  six  independent  areas,  all  of  which  re¬ 
quire  essentially  the  same  elapsed  maintenance  look-phase  time 
After  six  sequential  phases  of  inspection,  the  total  periodic 
maintenance  inspection  has  been  completed.  Due  to  some 
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limitations  of  the  existing  form  of  the  R&M  simulation  model, 
the  application  of  this  maintenance  concept  is  slightly  biased; 
that  is,  at  each  phase  of  the  PPI,  it  is  assumed  that  every 
item  of  the  aircraft  is  capable  of  being  observed  as  a  failure, 
rather  than  just  those  items  that  would  be  normally  covered  in 
that  look -phase  of  the  periodic  inspection.  It  is  felt,  how¬ 
ever,  that  due  to  the  manner  in  which  the  six  phases  of  the 
periodic  inspection  would  be  constructed,  the  bias  injected  by 
performing  the  analysis  is  minimal.  Again,  as  in  the  case  of 
the  baseline  mission,  preflight  inspections  are  not  chargeable 
to  maintenance. 

CH-47C  Maintenance  Concept  -  Alternate  B 

This  concept  shown  in  Table  X  represents  an  adaptation  of  the 
Navy  maintenance  concept  for  supporting  a  CH-46  to  an  Army 
CH-47C  maintenance  concept.  Scheduled  maintenance  of  dynamic 
components  consists  of  TBO  levels  varying  from  1200  hours  for 
transmissions  to  2400  hours  for  the  engine  and  certain  elements 
of  the  sync-shaft  assembly.  The  inspection  concept  consists 
of,  (1)  a  turnaround  inspection  performed  prior  to  each  flight 
of  the  day  and  after  the  last  flight  of  the  day,  which  is  es¬ 
sentially  a  combination  of  preflight  and  postflight  inspec¬ 
tions,  (2)  a  daily  inspection  performed  prior  to  the  first 
flight  of  the  day,  and  (3)  a  calendar  periodic  inspection  per¬ 
formed  at  34-week  intervals.  The  interesting  point  of  differ¬ 
entiation  between  this  concept  and  the  existing  maintenance 
concept  is  that  the  periodic  inspection  is  not  aircraft-clock 
oriented,  bet  rather  calendar-time  oriented.  Incorporation  of 
this  maintenance  concept  into  the  comparative  analyses,  which 
will  be  discussed  in  detail  later,  required  certain  areas  of 
modification  to  the  model  to  enable  evaluation  of  periodic  in¬ 
spection  requirements  based  on  the  calendar  rather  thr.n  clock¬ 
time  orientation. 

CH-47C  Maintenance  Concept  -  Alternate  C 

This  concept  depicted  in  Table  XI  represents  the  adaptation  of 
an  Air  Force  H-3  maintenance  concept  to  an  Army  CH-47C  applica¬ 
tion.  All  components  are  to  be  replaced  on  condition;  that  is, 
there  is  no  scheduled  removal  of  dynamic  components.  The  in¬ 
spection  concept  consists  of  a  preflight  inspection,  performed 
prior  to  each  flight  of  the  day,  a  postf light,  performed  after 
each  flight  of  the  day,  and  a  phased  periodic  inspection,  per¬ 
formed  at  100  flying  hour  intervals.  The  major  distinction 
between  this  alternate  maintenance  concept  and  the  baseline  and 
other  alternate  maintenance  concepts  is  the  replacement  of  the 
daily  inspection  with  the  postflight  inspection  performed  after 
each  flight,  not  just  after  the  last  flight  of  the  day. 
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CH-47C  Maintenance  Concept  -  Alternate  D 


The  final  alternate  CH-47C  maintenance  concept  shown  in  Table 
XII  is  a  modification  of  a  Navy  UH1E  maintenance  concept  to  an 
Army  CH-47C  application  TBO  levels  on  dynamic  components 
range  from  2000  hours  on  the  transmissions  to  2400  hours  on  the 
engines.  The  inspection  concept  calls  for  a  preflight  inspec¬ 
tion  before  each  flight,  a  postflight  after  each  flight,  a 
daily  inspection  performed  prior  to  the  first  flight  of  the  day 
in  conjunction  with  the  preflight,  and  a  calendar  periodic  in¬ 
spection  performed  at  17-week  intervals.  This  inspection  con¬ 
cept,  therefore,  combines  various  elements  of  several  of  the 
previously  defined  maintenance  concepts. 


HLH  MAINTENANCE  CONCEPT 


Each  of  the  five  maintenance  concepts  defined  for  the  heavy- 
lift  helicopter  is  basically  similar  to  those  previously  dis¬ 
cussed  for  the  CH-47C  helicopter.  The  variations  between  HLH 
maintenance  concepts  and  those  for  the  CH-47C  are  the  look- 
phase  maintenance  time  required  to  perform  the  various  ele¬ 
mental  inspections  for  the  maintenance  concepts.  Tables  XIII 
through  XVII  identify  the  scheduled  inspection  requirements 
for  the  various  dynamic  components  of  the  HLH  aircraft  in  the 
various  maintenance  concepts,  and  the  duration  and  number  of 
men  required  to  perform  the  look-phase  of  the  various  inspec¬ 
tion  types.  Therefore,  rather  than  duplicate  the  previous  dis¬ 
cussion,  Table  XVIII  has  been  developed  to  show  the  correlation 
between  the  CH-47C  and  HLH  maintenance  concepts.  Table  XVIII 
presents  a  method  of  utilizing  these  discussions  and  relating 
them  to  the  maintenance  concepts  depicted  in  Tables  XIII 
through  XVII. 

For  all  runs  of  the  HLH  comparative  analysis,  two  8-hour  main¬ 
tenance  shifts  have  been  employed.  The  personnel  allocations 
for  each  shift,  in  terms  of  quantities  and  distribution,  have 
been  developed  by  Boeing  Vertol  Maintainability  personnel.  The 
specific  personnel  quantities  by  skill  code  employed  in  this 
analysis  are  shown  below. 


Comparable 

Shift  2 

Skill 

Army  Maintenance 

Shift  1 

Code 

Nomenclature 

Quantity 

Quantity 

01 

General  Mechanic  - 
Organizational 

13 

11 

02 

General  Mechanic  - 
Integrated  Direct  Support 

6 

e 
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TABLE  XVIII.  RELATIONSHIP  OF  CH-47C  MAINTENANCE  CONCEPTS 

TO  HLH  MAINTENANCE  CONCEPTS 

CH-47C 

Analagous  HLH 

Maintenance  concept 

Maintenance  concept 

Basic 

Alternate  A 

(Current  CH-47C) 

(Proposed  HLH) 

Alternate  A 

Basic 

(Proposed  HLH) 

(Current  CH-47C) 

Alternate  b 

Alternate  b 

(USN  CH-46) 

(USN  CH-46) 

Alternate  C 

Alternate  c 

(USAF  H-3) 

(USAF  H-3) 

Alternate  d 

Alternate  d 

(USN  UH-lE) 

(USN  UH-lE) 

Conclusion 

The  CH-47C  and  HLH  maintenance  concepts  are  discussed  further 
in  a  subsequent  section  of  the  report,  dealing  with  the  com¬ 
parative  analysis  of  these  various  missions  and  maintenance 
concepts.  The  various  maintenance  concepts  and  missions 
selected  for  comparative  analysis  coded  in  GPSS  for  inclusion 
in  the  model  are  presented  in  Appendix  II. 
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MODEL  VALIDATION 


INTRODUCTION 


There  are  two  fundamental  approaches  employed  in  validating  a 
simulation  model — first,  employ  the  model  to  simulate  a  system 
operation,  and  operate  the  actual  system  in  its  real  environ¬ 
ment  and  evaluate  the  comparable  predicted  versus  achieved 
results.  Although  this  is  the  most  rigorous  proof  of  model 
validity,  it  is  generally  too  expensive  to  employ  on  large, 
complex  simulations  such  as  the  R&M  model.  Furthermore,  it  is 
impossible  in  the  case  of  the  HLH,  since  this  is  a  conceptual 
aircraft. 

The  second  method  of  validation  is  to  construct  a  relatively 
limited  mathematical  model  which  identifies  the  significant 
system  interactions  and  can,  therefore,  be  used  to  make  pre¬ 
dictions  of  system  performance  against  which  the  simulated 
results  c an  be  compared.  The  major  problem  encountered  em¬ 
ploying  this  approach  toward  validating  the  R&M  model  is  that 
there  has  been  little  success  in  developing  a  deterministic 
model  which  has  adequately  considered  the  significant  inter¬ 
actions  involved  in  the  operations  and  maintenance  of  an  air¬ 
craft  fleet. 

Thus,  it  has  been  necessary  to  employ  a  different  approach  to 
model  validation  in  this  analysis.  The  primary  elements  of 
model  validation  as  employed  in  this  study  are  the  calculation 
of  expected  values  for  those  parameters  which  are  essentially 
independent  stochastic  variables  and  the  identification  of 
trends  generated  by  parametric  sensitivity  analyses. 

One  of  the  major  problems  in  calculating  expected  values  for 
parameters  of  the  R&M  simulation  model  is  the  extreme  diffi¬ 
culty  of  estimating  the  impact  of  queuing  upon  parametric 
values.  Thus,  to  minimize  queuing  (and  consequently  its  im¬ 
pact)  ,  essentially  unlimited  spares  and  personnel  were  employed 
for  the  initial  baseline  validation  runs.  When  it  was  con¬ 
cluded  that  the  model  output  was  acceptably  correlated  to  the 
expected  values  in  this  unlimited  case,  the  storage  definitions 
were  redefined  to  impose  the  restriction  of  a  true  TO&E  upon 
the  model  operation.  Various  sensitivity  runs  were  then  made 
to  ensure  that  the  model  response  to  parametric  input  varia¬ 
tions  was  not  counter-intuitive.  Finally,  the  comparative 
analyses  performed  for  the  various  mission/maintenance  concept 
combinations  provided  further  reinforcement  of  the  validity 
and  flexibility  of  the  basic  model  logic. 
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Evaluating  model  achievement  of  stability  is  a  process  unique 
to  each  simulation  model  and  its  intended  application.  That 
is,  a  system  has  achieved  a  homeostatic  condition  when  the 
major  parameters  by  which  the  system  performance  is  measured 
have  reached  a  morphologically  unchanging  state. 

The  time  it  takes  to  reach  this  homeostatic  state  for  the  R&M 
simulation  model  is  functionally  dependent  upon  the  number  of 
transactions  endogenous  to  the  model.  With  the  HLH  and  CH-47C 
models,  the  platoon  size,  monthly  utilization,  and  maintenance 
action  rates  for  the  baseline  scenarios  are  of  sufficient  mag¬ 
nitude  to  ensure  stable  operation  in  a  56-day  simulation. 
Furthermore  •  stability  is  monitored  in  terms  of  the  primary 
measures  of  effectiveness  for  this  analysis  which  are  avail¬ 
ability  (UPTIME/TOTAL  TIME)  and  mission  completion  ratio 
(MISSIONS  FLOWN/MISSIONS  SCHEDULED) .  Table  XIX  shows  several 
of  the  pertinent  output  parameters  generated  for  the  HLH  over 
various  simulated  durations.  Tables  XX,  XXI,  and  XXII  dis¬ 
play  the  output  statistics  generated  for  various  time  frames 
of  simulated  CH-47C  operation,  with  various  levels  of  mainten¬ 
ance  personnel  support. 

Figure  9  shows  the  effect  of  run  duration  upon  availability 
for  the  various  burn-in  runs  that  were  made.  These  data  sup¬ 
port  the  conclusion  that  56  days  is  adequate  for  the  HLH  and 
CH-47C  baseline  models. 

It  should  be  noted,  however,  that  if  future  analysis  were  to 
consist  of  a  significantly  lower  number  of  transactions  or 
different  (more  refined)  measures  of  effectiveness,  the  56-day 
run  duration  might  not  be  adequate  to  generate  stable  and, 
thus,  statistically  significant,  results. 


MODEL  VALIDATION  -  HLH 

Table  XXIII  identifies  the  expected  values  and  baseline  output 
statistics  for  17  selected  output  parameters.  A  review  of  the 
output  statistics  shows  an  intuitively  acceptable  relationship 
between  the  quantitative  values  generated  by  the  baseline  model 
and  the  expected  values.  Furthermore,  it  can  be  seen  that  the 
distribution  of  error  appears  to  be  random  with  59  percent  of 
the  output  statistics  greater  than  expected  and  41  percent  of 
the  statistics  less  than  or  equal  to  expected. 

Thus,  the  baseline  model  fulfills  the  first  criterion  of  vali¬ 
dation  employed  in  this  analysis;  namely,  morphological  equiv¬ 
alence  between  output  and  expected  statistics. 
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TABLE  XIX.  HLH  BURN-IN  ANALYSIS 
(Standard  36  Man  TOE) 


r* 

10  CD 

o 

o 

o 

O' 

o 

0) 

m 

m 

o  o 

a 

• 

a 

a 

a 

a 

a 

a 

• 

•  • 

r- 

o  «* 

O 

O 

w4 

IN 

o 

o 

IN 

IN 

03 

O' 

m 

CD  m 

* 

in 

r> 

o 

O 

H  H 

IN 

10  in 

IN 

H 

in 

in 

o 

IN 

O' 

03 

r* 

sO 

<* 

r4  (N 

IN 

IN 

SO 

IN 

10 

CD 

IN 

IN  ^ 

O' 

IN 

.n 

H 

o 

in 

H 

sO 

O' 

n* 

r* 

H 

#■* 

r> 

O' 

<4 

*■4  fN 

IN 

r4 

IN 

o 

m 

IN 

IN 

m 

H 

e4 

O  vO  O 
IN  IN 


vD  vO  IN 
n  in  h 


SO 

v> 

n 

O 

O 

o 

in 

O 

CO 

IN 

m 

o 

C 

o 

a 

a 

a 

• 

a 

a 

a 

a 

a 

a 

m 

O' 

o 

o 

o 

o 

O' 

r* 

l*> 

o 

■-*. 

m 

cd  in 

s0 

O' 

* 

m 

r4 

IN 

m 

IN 

m 

m 

O' 

o 

m 

sO 

IN 

u. 

in  r-i 

*4 

H 

r* 

QD 

in 

H 

m 

IN 

SO 

m 

m 

IN 

% 

IN 

H 

m 

H 

H 

sO 

IN 

r— < 

H 

m 

IN  5  ^  5  CD 

O'  O  CO  O'  ® 

m  ^  (N 


Tt  O  o 
•  •  • 

vD  O  O 
r*  CD  O 
h  CD 


O  ^  O' 

i-*  •“*  so  O 

co  r*  in  <d  —* 

0s  O'  ^  o 


^  H  o  Cl  O'  H  H 
h  ^  r*.  o  in  cd 


R*  CM  00 
R*  m  ® 
IN  IN  ^ 


»n  in 

CO  Rf  r-t 


a-4  O  O 

r“<  U"l  IN 
-•  <*  <N 


IN 

SO 

sO 

o 

o 

m 

in 

QD 

CD 

*4 

O 

»0 

vO 

H 

O 

in 

if  v0 

s0  O 

m 

CD 

r* 

H 

IN 

V0 

IN 

CO 

O 

CD 

CD 

m 

so 

m 

o 

03 

in 

IN 

r- 

s0 

O 

IN 

IN 

m  Rt  ^ 
O'  IN 


r-  o  O 
in  Tf  cd 

IN 


m  o  r* 

•  •  •  • 

o  ^  r-  O 

h  (n  h  in  m 

in  m  m  m  in 


Rt  cd  o  Rf  O' 
*  m  r*  r- 


C0  V) 

w  in 

M  M  « 

X  X  2 

o 

U.  U.  M 

O  O  ^ 

DC  £t  N 
u  U  M 

§  i  s 


0. 

V)  •  • 
zao. 

M  w  V) 

>-  M  M 
ftj 

M  M  0. 

<  X  X 

0  0.0. 

h*  Cu  b. 
O  O  O 

«  «  « 

(i)  u  u 


m 


hm 

rw  I  w  s 
Z  U  Z  U 
5  io  5  in 

am 


feS2g^ 

M  fe  §  H  H 

I  m  O  <  < 

S  S2  B  55  !5 
z  z  z  z  Z 

o  o  o  o  o 

M  M  M  M  M 

fc&bfcb 
<  <  <  <  < 

M  M  M  M  M 

S  S  SE  SE  SE 

*  *  «  *  * 


•Total  Mission  Flight  Hours  Excluding  Test  Hops  and  Aborted  Missions 


TABLE  XX.  CH-47  BURN-IN  ANALYSIS 
(UNLIMITED  MEN) 
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MALF/FH  1.8  1.7  1.7  1.6  1.6 

AVAILABILITY  77.76  77.51  76.29  76.82  76.69 


TABLE  XXII.  CH-47  BURN-IN  ANALYSIS 
(STANDARD  TOE  -  64  MEN 
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Figure  9.  Impact  of  Run  Duration  on  Availability. 
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TABLE  XXIII.  HLH  VALIDATION  ANALYSIS 
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HLH  SENSITIVITY  ANALYSIS 


The  second  step  in  validating  the  HLH  model  ip  to  ensure  that 
the  model  responds  to  parametric  changes  in  an  intuitively 
acceptable  way.  The  data  generated  during  this  analysis  is 
contained  in  Appendix  I.  This  section  identifies  several  of 
the  trends  displayed  by  this  data  and  discusses  their  content 
and  implications. 

Figure  10  relates  the  platoon  availability  (UPTIME/TOTAL  TIME) 
to  the  unscheduled  maintenance  action  rate.  Generally,  the 
relationship  between  the  data  and  the  trend  line  is  quite 
acceptable.  There  is  however  a  notable  exception  identified 
with  Q)  on  the  plot. 

A  review  of  the  data  which  generated  Figure  10  shows  that  the 
outlying  point  is  justifiable  in  an  analytical  sense.  The 
reason  for  this  excursion  is  that  the  point  1  plotted  at 
67.09-percent  availability  is  a  result  of  the  evaluation  of 
model  sensitivity  to  variations  in  platoon  size.  Specifically, 
this  point  is  representative  of  a  platoon  size  of  3  aircraft 
attempting  to  fly  the  baseline  mission  normally  flown  by  a 
platoon  of  11  aircraft. 

The  data  plotted  in  Figure  11,  relating  direct  maintenance  man¬ 
hours/flight  hour  to  unscheduled  maintenance  action  rate  and 
Figure  12,  which  shows  availability  as  a  function  of  TOE  size, 
compares  quite  well  to  the  plotted  trends.  Since  these  trends 
are  of  the  shape  generally  displayed  in  the  literature,  no 
further  discussion  of  these  data  appears  necessary. 

Finally  then,  it  appears,  based  on  the  comparison  of  the  base¬ 
line  results  with  the  expected  values  and  the  results  of  the 
sensitivity  analysis,  that  the  HLH  R*M  simulation  model  is,  in 
fact,  j  valid  representation  of  actual  operations  and  mainte¬ 
nance  environments  it  purports  to  depict. 


MODEL  VALIDATION  -  CH-47C 

Table  XXIV  identifies  the  expected  values  and  baseline  results 
for  17  selected  output  parameters.  A  review  of  the  results 
versus  the  parametric  expected  values  confirms  the  statistical 
equivalence  of  results.  Furthermore,  the  distribution  of  error 
for  the  17  parameters  for  which  expected  values  could  be  calcu¬ 
lated  appears  to  be  random  with  44  percent  of  the  deviation 
positive,  and  56  percent  of  the  deviations  zero  or  negative. 
Thuc,  it  would  appear  that  the  CH-47C  model  passes  the  first 
step  of  validation  as  defined  in  this  report;  namely,  the 
morphological  equivalence  of  model  results  and  expected 
results . 
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Figure  12 . 


TABLE  XXIV.  CH-47C  VALIDATION  ANALYSIS 
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Flight  Hour  1.35  1.42 


CH-47C  SENSITIVITY  ANALYSES 


The  second  step  in  validating  the  CH-47C  model  is  to  perform 
several  trend  analyses  which  will  demonstrate  that  the  model 
responds  to  parametric  variations  in  an  intuitively  acceptable 
manner . 

Pigures  13  and  14  show  the  impact  of  changes  in  maintenance 
action  rate  upon  platoon  availability  and  maintenance  man-hours 
per  flight  hour,  respectively.  In  both  of  these  figures, 
there  are  two  distinctly  different  populations.  These  popu¬ 
lations  exhibit  the  impact  of  NORS  delay  upon  availability  and 
maintenance  mem-hours  per  flight  hour.  It  is  obvious  that 
availability  must  decrease  when  NORS  delays  are  possible.  It 
is  not  obvious  that  maintenance  mem-hours  per  flight  hour 
should  decrease  when  NORS  delays  are  encountered.  However, 
after  careful  review  of  the  data,  it  is  found  that  the  MMH/FH 
decreases  where  NORS  delays  are  encountered  because  less  main¬ 
tenance  is  being  generated,  due  to  the  restricted  platoon 
utilization.  This  is  primarily  due  to  the  reduced  number  of 
periodic  inspections  encountered  during  situations  of  lower 
utilization.  It  can  be  seen,  therefore,  that  the  model  re¬ 
sponds  in  an  intuitively  acceptable  manner  for  those  cases 
presented. 

This  proper  response  of  the  model  to  parametric  changes,  when 
combined  with  the  previously  discussed  statistical  equivalence 
of  model  results  with  expected  values,  constitutes  the  valida¬ 
tion  of  the  CH-47C  R&M  model. 
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COMPARATIVE  ANALYSIS 


INTRODUCTION 


In  order  to  demonstrate  model  validity  and  flexibility,  an 
analysis  was  performed,  comparing  various  maintenance  concepts 
over  various  mission  profiles.  It  was  the  main  intention  of 
this  exercise  to  cemonstrate  model  validity  through  a  simu¬ 
lated  maintenance  analysis,  not  to  perform  a  rigorous  analysis 
of  each  of  the  maintenance  support  plan  capabilities.  As  such, 
the  results  of  these  analyses  should  be  considered  indica¬ 
tive  of  the  relative  merits  of  each  concept,  rather  than  abso¬ 
lute  statements  of  the  quantitative  differences  between  the 
various  alternate  maintenance  concepts. 


COMPARATIVE  RESULTS 
CH-47C 

Appendix  III  contains  the  results  of  the  twenty  cases  run  dur¬ 
ing  the  CH-47C  comparative  analysis.  Table  XXV  shows  the 
sequence  in  which  the  simulations  took  place. 

Figures  15  through  17  identify  the  types  of  information  that 
can  be  extracted  from  the  data  contained  in  Appendix  III  for 
the  CH-47C . 

In  preparing  the  inputs  for  the  various  comparative  analyses, 
it  is  usually  necessary  to  reestimate  the  occurrence  probabili¬ 
ties  and  maintenance  action  distributions  for  the  various  de¬ 
cision  locations  within  the  model.  In  doing  this  it  is  recom¬ 
mended  that  the  method  previously  discussed  in  the  HLH  RAM  data 
section  of  this  report  be  used. 

Whenever  the  mission/maintenance  concept  variation  is  signifi¬ 
cantly  different  from  the  b&seline,  it  may  be  difficult  to 
estimate  the  achievable  utilization.  This  is  especially  the 
case  for  surge  missions  with  limited  TOE's.  Thus,  the  esti¬ 
mated  distribution  of  inspections,  and  consequently  the  main¬ 
tenance  distribution  and  MALF/FH,  rate  may  not  occur  as 
anticipated.  In  these  situations,  the  alternatives  are  to  re¬ 
distribute  the  maintenance  actions  and  rerun  the  case  or  to 
modify  the  output  using  a  method  which  will  transform  the  out¬ 
put  statistics  to  a  common  malfunction  rate. 

HLH 

The  results  of  the  20  cases  run  during  the  HLH  comparative 
analysis  are  contained  in  Appendix  III.  Table  XXVI  identi¬ 
fies  the  general  sequence  in  which  these  runs  were  made.  The 
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TABLE  XXV.  SELECTION  OF  CH-47C  ALTERNATE  MISSIONS  AND  MAINTENANCE  CONCEPTS 
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Figure  17.  CH-47C  Comparative  Analysis  -  Mission  Completion  Katio  Variations 
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information  extracted  from  these  data  are  presented  in  Figures 
18  through  20 • 


ANALYSIS  AND  RANKING  OF  COMPARATIVE  RESULTS 

In  order  to  rank  the  various  maintenance  concepts,  iv  was 
necessary  to  derive  a  measure  of  effectiveness  which  could  be 
used  for  comparing  the  results  of  the  simulations.  The  three 
chosen  parameters  are  availability,  mission  completion  ratio, 
and  total  maintenance  man-hours  per  flight  hour.  The  weighting 
factors  employed  on  these  parameters  are  displayed  in  the  fol¬ 
lowing  equation. 

INDEX  OF  MERIT  -  (.75) (MISSION  COMPLETION  RATIO) 

+  (.15)  (AVAILABILITY)  +  (m^/fh) 


To  be  consistent  with  the  terminology  used  in  Appendix  III, 
the  term  Index  of  Merit  is  used  in  place  of  Measure  of 
Effectiveness. 

This  Index  of  Merit  has  been  plotted  for  each  mission  for  the 
CH-47C  and  HLH  in  Figures  21  and  22  ,  respectively.  A  review 
of  these  figures  show  that  the  previously  existing  (or  basic) 
maintenance  concepts  are  the  best  for  most  missions. 

The  ranking  for  the  CH-47C  and  HLH  maintenance  concepts,  re¬ 
sulting  from  an  analysis  of  these  figures,  is  shown  in  Table 
XXVII.  This  ra^kina  has  been  derived  by  assuming  that  all  the 
alternate  missions  are  of  equal  weight. 


CONCLUSIONS  OF  COMPARATIVE  ANALYSIS 

Table  XXVII  shows  that  the  HLH  basic  maintenance  concept  per¬ 
forms  best  for  the  cross  section  of  missions  for  both  the 
CH-47C  and  HLH  with  respect  to  the  identified  index  of  merit. 
Modifying  the  index  of  merit  could  change  this  conclusion; 
however,  it  appears  that  the  R&M  simulation  model  is  suffici¬ 
ently  sensitive  to  reflect  the  benefits  of  alternate  mainte¬ 
nance  concepts. 
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Figure  19  .  HLH  Comparati  ve  Analy: 
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Figure  22.  HLH  Comparative  Analysis  -  Index  of  Merit  Variations 


TABLE  XXVII.  RELATIVE  RANKING  OF  MAINTENANCE  CONCEPTS 
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CONCLUSIONS 


As  a  result  of  this  study ,  valid  R&M  simulation  models  for  the 
CH-47C  and  HLH  are  now  available  for  the  first  time.  In  their 
present  form,  the  models  are  more  than  adequate  for  further 
analyses  similar  to  those  performed  in  this  study.  That  is, 
the  model  is  extremely  useful  in  evaluating  the  impact  upon 
system  effectiveness  of  major  R&M  differences. 

Model  validity  has  been  established  through  various  analytical 
techniques,  including  the  evaluation  of  model  sensitivity  to 
parametric  input  changes.  Model  flexibility  has  been  demon¬ 
strated  through  the  various  comparative  analyses.  Finally, 
model  plausibility  has  been  confirmed  through  the  extended 
application  of  the  model,  observation  of  model  response  to 
logical  changes,  and  detailed  analysis  of  model  operation  with 
respect  to  logical  validity.  This  last  point  is  an  almost  in¬ 
tuitive  judgement  of  the  model's  capability,  based  upon  all 
aspects  of  model  representation  of  realistic  operations  and 
maintenance  environment. 

In  summary  then,  the  developed  models  are  valid  representa¬ 
tions  of  the  actual  O&M  environments  for  the  aircraft  they 
simulate.  These  models  are  flexible  to  provide  the  Army  with 
a  tool  for  rapid  response  to  fairly  complex  R&M  questions. 

It  should  be  noted,  however,  that  the  model's  value  is  func¬ 
tionally  dependent  upon  its  level  of  detail.  As  such,  it  is 
a  complex  tool,  requiring  substantial  Bkill  in  application  and 
analysis  of  results.  As  such,  it  is  critical  that  the  appli¬ 
cation  be  made  by  people  competent  in  the  analytical  areas  of 
operations  research  and  familiar  with  the  logical  structure 
of  the  programs.  These  powerful  and  complex  models,  although 
extremely  valuable  if  well  applied,  could  be  equally  mis¬ 
leading  and,  consequently,  detrimental  if  misused. 
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RECOMMENDATIONS 


It  is  recommended  that  the  Army  continue  to  develop  the  R&M 
model  to  maximize  its  flexibility  and  utility.  It  must  always 
be  remembered  that  the  simulation  model  derives  its  value  from 
its  application,  not  merely  its  existence.  Therefore,  in  most 
cases,  further  refinement  to  improve  vser  orientation  is  cost 
effective.  This  position  is  reinforced  by  a  statement  taken 
from  Ackoff  in  Scientific  Method*. 

"In  general,  the  amount  of  analysis  required  to  con¬ 
struct  a  model  is  inversely  related  to  the  ease  of 
manipulating  it  once  it  has  been  constructed." 

Some  of  t'e  specific  areas  that  are  considered  viable  candi¬ 
dates  for  modification  are: 

•  Develop  input-controlled  output  editor  t<_  provide  the  user 
with  flexibility  in  selecting  output  parameters  relevant 
to  his  analysis. 

•  Eliminate  constants  from  logic.  Wherever  possible,  where 
constants  remain  in  the  logic,  they  should  be  fully  justifi¬ 
able  and  justified. 

•  Develop  deterministic  spares  routine  which  could  be  a 
user-selected  option  available  in  lieu  of  the  current 
probabilistic  routine. 

•  Modify  off-aircraft  maintenance  routines  to  allow  for  the 
identification  of  maintenance  personnel  doing  off-aircraft 
repairs. 

•  Develop  personnel  substitution  routine  with  user  definition 
of  policy  of  personnel  substitution. 

None  of  these  recommendations  are  critical  to  the  current  R&M 
model.  They  are  presented  here  as  candidates  for  future  re¬ 
finement  and  enhancement  or  generalization  of  the  model  to 
further  increase  its  utility. 


*Ackof f ,  Russell  L.,  SCIENTIFIC  METHOD  OPTIMIZING  APPLIED 
RESEARCH  DECISIONS,  New  York,  John  Wiley  &  Sons  Inc., 
1962,  p.  110. 
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APPENDIX  I 

RESULTS  OF  SENSITIVITY  ANALYSES 


To  demonstrate  model  sensitivity  to  changes  in  various  mainte¬ 
nance  parameters,  several  sensitivity  analyses  were  identified 
and  simulated.  These  analyses  were  structured  to  demonstrate 
model  response  to  parametnc  changes.  The  discrete  situations 
simulated  were  significant  variations  in  parametric  input, 
rather  than  meaningful  representations  of  the  simulated  air¬ 
craft.  As  such,  the  value  of  the  analyses  is  found  in  the 
identified  trends  and  model  responses,  rather  than  in  the 
quantitative  outputs  generated. 


CH-47C 

The  CH-47C  sensitivity  analyses  considered  model  response  to 
parametric  changes  in  the  areas  of  TOE  size  and  NORS  prob¬ 
abilities.  The  data  drived  from  these  simulations  is  dis¬ 
played  in  Tabic  XXVIII.  These  results  are  discussed  in  the 
Model  ''aiidation  section. 


HLU 

The  HLH  sensitivity  analyses  considered  model  response  to 
parametric  changes  in  four  areas: 

•  Number  of  aircraft  per  platoon 

•  TOE  size  and  distribution  of  personnel 

•  PMI/PMP  intervals 

•  Maximum  number  of  up-squawks  per  aircraft 

The  data  derived  from  the  simulations  performed  in  these 
analyses  are  presented  in  Tables  XXIX  through  XXXII.  A 
discussion  of  these  results  and  the  identif ir^tion  of 
trends  displayed  by  these  analyses  are  contained  in  the 
Model  Validation  section. 
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APPENDIX  II 

INPUT  CHANGES  FOR  COMPARATIVE  ANALYSES 


CH-47C 

Tables  XXXIII  through  XXXVI  identify  the  various  alternate 
mission/maintenance  concept  combinations  simulated  for  the 
CH-47C  comparative  analyses. 


HLH 

Tables  XXXVII  through  XXXIX  identify  the  alternate  missions 
employed  in  the  HLH  comparative  analysis. 

Tables  XL  through  XLIII  contain  the  alternate  maintenance  con¬ 
cepts  used  in  the  analysis. 

7,11  combinations  of  runs  made  in  the  HLH  analyses  can  be 
reproduced  by  combining  the  proper  mission/maintenance  concept 
alternatives . 
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TABLE  XXXV.  CH-47C  ALTERNATE  MAINTENANCE  CONCEPTS  -  MISSION  2 


•  111155  t 

• 

(<•11  Mill)'  I.  II  «l/<9  •  CJXJI 

• 

ii  4/e 

ii  «o  iTioif 

•••• •■•••••<111.5, || 

i«in»k 

•mi  55 

IHMH 

•  144,1 

IIIMIL 

•  •III. III. • 

•  ••■tM4«4»*4)|llltt 

HIMHi 

•1*1.11 

••••••••••••|)| 4t4|% 

•  149.9 

nil. ill 

<!llt)«i  1 

•  iM’MtMf  C^efM  4 

i 

mum 

nmi 

15. .51 tt 

it 

•lutin'! 

•  H.  I! 

114(4449 

l.lllll  l,MH| 

It. 1**15 

Mini  i.ftittti  i.nnn  •••••»!«  4.449994 

IMIltll 

• 

t***l  1  'IIIIX  »•  II  •••••9  •  C3*JI 

«MMj« 

•  •••••••••••))  1  4  till 

• 

ii  it: 

•!»€•  m3  ITiOlf 

•  •••••••••••1)1  4t«0l 

til? !«k 

441  (1  1  3)  ,  • 

*lltt))  1,4 

•  •••••••|)1 4 1 4  0  1 

IMMH 

1114.1 

•  •••••••••••Ml  4 1 4 4 • 

hiMH 

•  •III. 1*1. • 

••••••••••••1)149441 

M!M»k 

1141  .  II 

••••••••••••1)149444 

hitin 

HIM 

••••••••••••1)149444 

MDJIl 

H41.4I9 

•••••••••••••3149144 

• 

•«•«!  ,»||V  ;9«tt»’  *  •in.*, U 

•4,13  .4  »»| 

••••••••••••4)149941 

1*1*100 

lllllill.fi 

••••••••••••4)149141 

!*!'!». 

*•1(1.4)  it 

•  •••••••••••II,  .55.. 

i*nM. 

•ill.il  .15 

•  •••••••••••D139941 

tifili* 

4itn.n.M 

••••••••••••4)149944 

l*l*Mi, 

4l|f  |  J,|  )  .It 

••••••••••••4)149949 

I'NUi 

411(1  1,1  ).  It 

•••••••••••■t,i  .ii.. 

i«i*n» 

nti. too 

••••••••••••|)|4tt4V 

i*ftt«. 

•  ID.  193 

••••••••••••4)149941 

Illlhn  » 

44  f  .)(*•*?(  :3Mtf»4  4 

t 

*5959511 

••••<•1.  I50.lt, ,111, .5 

*K*t'IJ* 

4m|  ,  )| 

4)191944 

Mini  i.mm« 

4)191144 

• 

1)191944 

• 

:*••)  mmmn  r.  ia  •••/•■)  •  c>ji 

•  M  M  /• 

•  •••••••« •••DlktaM 

• 

ii  it: 

Ifff-  Ml  4*304* 

••••••••••••4)149441 

I'lMi. 

••1  li  •*. 1 1 >.  i 

‘(IIP)  1.4 

••••••••|,l,5,.l 

I'I'li. 

•  114.1 

••••••••••••1)14944# 

!*!»!». 

••III . |5).» 

••••••••••••44t#9#49 

Ill'll. 

•141.11 

••••••••••••4)149414 

I'l’M. 

n  if  .1 

••••••••••••4)11941 9 

him*. 

1141.41) 

•  •••••••••••|)|  39*94 

• 

•••#?:  •«!'*»,  i  *i»  .im 

i*.*. 

.  . . .  . 

•144.13)03 

.  . . . 51*55.1 

l*t*l«0 

•143, <13 

•  ••••••••Ml  »99t  V 

Ml  T4. 

4i|fi.!),i0 

•••••••••« 51055.1 

t*t*|0. 

••Iff, 1 ),»4 

.  . . .  510.5*  • 

l*t*U; 

4l|f|, 1 ), 1 *3 

•  ••••••••0,1  055 ,5 

iiim. 

*■!< 1 ),  1 ).!  5 

•••••••••05,01500 

4l|(|l.l)i) 

.  . . •05,0550* 

I*t*lt0 

«>m.ii.i  19 

•••••••••0,105500 

1*1*100 

4f 1  f 1.11,  I 

••••*••••9)149944 

!*!’!*. 

•144.1 

•••••••••3*14991 1 

nit. 114 

•  ••••••••Ml  4991  1 

<mn«  t 

i 

IMIMI 

MDIIIt 

i 

mum 

33)1)3 

11499144 

i% 

•u*t'M* 

Mill  344 

l.lim  9,44443 

41141 144 

• 

4)191944 

• 

:-•«»  •ini)«  i.  i»  4ii/«o  •  e>/i 

«MMJ< 

••••••••••••) II 4 9441 

• 

m  i/e  Mt 

*!'(•  *9  .**«>•• 

••••••••••••41149449 

immh 

••1 (l*». 1 II i 1 

•!••!)•»  i.e 

•  •••••••MI4944I 

MIMK 

•144,1 

••••••••••••9)14(404 

Ill'll, 

•Mil. It), 0 

.  . . . 

!  -I'll, 

nii.n 

••••••••••••0)149444 

mi*  ii. 

4141.4 

••••••••••••9114944) 

MfMi* 

•III. 414 

••••••••••••99149499 

M!MK 

■  114,31  •  )  4  •  |  H#  .(03.  II 

9*1*  0,1050.5 

!•••?:  «»h»  t3^ei*»  : 

4)141944 

MIM*, 

•III, I3CI 

3)149941 

MM|4^ 

•III. II 

9)149949 

MlMl^ 

••IM. 1).  Dili 

44149941 

Ml  MM 

••Hi.n.it 

1)149944 

i«imm 

«1|I1,|), It 

44141949 

M!M*% 

4«1  (13, I ) . I  3 

09141944 

MlMi* 

4»t  Ml,  13.) 

0)14994) 

MIM»i 

««|ll. Il.lt 

40141944 

MIMi* 

411(1,13,1 

40149944 

TABLE  XXXVI.  CH-47C  ALTERNATE  MAINTENANCE  CONCEPTS  -  MISSION  3 


"IIS!  3*1  I 

M4IMTCM4NCC  CONCC'T  141!: 

•  CH.47  MJSS13N  s  .  100  NM/0-  4T.4JCMI*.  12*0  TNI  7HIT 

«  1  */:•  •(« 

SITX-M3  ST4N0S7 

•••••••00189402 

INlTHii 

NNl ( 1 -10# l 0 ) * l  MISSI3N  J.S4SIC 

••••*•••00181401 

htruu 

MM1 ( 1 0#  S) *  1 

INITI4U 

Mil(l0,ll),l4 

IM1TUU 

MlHl,H),10 

Htmu 

IIM,1 

INITIAL! 

MMin,tS),0 

IMITI4U 

1141, S 

••••*••00181404 

MITI4U 

1142,4 

•••••••00181411 

INITUU 

1141,440 

initial* 

1N}(2, 12), IS  •••< 

imi)N  i 

M4  l  M  f tM4Ng|  C3NCC*T  4 

I  00010914 

290107 

00029100 

11  'UMCTI3N 

«N1,)2 

00017800 

0,10091  0.*4**2 

00017700 

0,10009  0,40001  0  0.70001  1  0.4000>9  O.Mmi 

00011900 

»  cnmt  mission  i  •  ioo  mi/«>  rr,u:<{t.  l(o  tn*  7l«t 

*  i  4/*  •!« 

SI T£-n3  ST 4N3S  ( 

iNITMu 

111 ( 1 *10, 1 0 ) ,  l  MISSION  1,4 

XSJTI4L 

INI ( 1 0, 9) , 1 

nm4ti 

111(10,11), 19 

inithu 

111(1, 12), 10 

t  M I T  x  4 

1144,1 

X  X I T 1 4 1 1 

HI  ( 1 , 19) ,  0 

IXIT14LI 

4141,1 

Imiti4:i 

4142,9 

I  Ml  T I  4^1 

41 41,480 

INIM**i 

Mil  (  2,  12)  ,  IS  •  ••! 

HlTliti 

141(1,4), 70  •  •• 

INITUli 

14  I ( 1 , 4) , 19  •  •• 

1  Ml  T 1 4.i 

141(2,1), 29  •  •• 

lM|Tl4ti 

141(1,1), 70  •  •• 

IMITJ4LI 

141(10,1), 29  •  •• 

X  MX  T  I  4U» 

141(11,1), IS  •  •• 

I  M I  T  I  4^1 

4194,400  •  •• 

lMIT!»tl 

41*0,100  •  •• 

I  MIT  I  *L' 

Hfc(»l2, !•!*), 10900  MISSION  1,4 

MISSION  1 

MAI  M  TCNAMCC  C3NCC4T  S 

1  .4*444*2 

444**49  4*94448  71000011  444*4418 

29000000021400 

14  'UNCTION 

411,02 

09191000 

0,10094  0.44*49 

00191100 

« 

00191209 

«  :m-47  mukijm  i  •  ioo  1*1/13-  tio  Tir  fuit 

*  1  4/;  •  »* 

SITf-O  974 NOS ( 

IMITI4U 

111(1-10,10),!  MISSION  1,1 

I  M I  T  I  A  wi 

Hl(l9,9),l 

iNITMtl 

111(10, 11), 19 

I  MI  T  t  A  U' 

ii 1C  1,1 2), 10 

I  Ml  T I  4 

4141,1 

I  MX  T  I  AU 

41K1, IS), 0 

I  MI  Tl  A t.1 

41*1,1 

I  Ml  Tl  Ati 

41*2,9 

I  MI  T X  A hi 

41  »1,«|0 

•  ••••>,•091  89412 

I  MX  TX  ALi 

ill (2, 12) ,14  •  ••• 

83 


TABLE  XXXVI.  Continued 


• 

CH*«?e  nout  :oncc’t  *i 

•0101990 

initiau 

1100,1000 

•0109901 

initial 

1110,10 

00109901 

INITIAL' 

NI|<l»I>, >0000 

•0109901 

INITIAL! 

OII(li!),IO 

•0101900 

INITIAL! 

011(9*1), 19 

INITIAL! 

NIK10, 1),l0 

•0109900 

Hiriiu 

Nl|(ll«l)*> 

00109907 

INITIAL! 

NlKl,0),ll 

00100900 

INITIAL! 

011(1,0), I 

00109900 

NI00I3N  I 

NAINTCNANCd  CMtfOT  ( 

1 

MOMOS  0*00000  71000011 

00000010 

19000000011000 

«»• 

OUNCTIDO 

ONI, St 

00191000 

1,11111  0. 00*01 

•  Bill  100 

• 

t 

Mr  mhim  i  •  im  kii/n>  rr.tueitfM  li*o 

TNKI  oliit 

0019110 

•••••••OllOBOO 

A 

1  A/C  •«* 

•  |T|m3  ITAN0IT 

INITIAL! 

NN1 (1*10,10),!  NISII3N  |» 

BAOte 

INITIAL! 

N*l(l0»9)»l 

,,  »»*tft01iif 0 

INITIAL! 

NNS  C !•»  t|)#tS 

0010900 

INITIAL! 

NNKl.tt),IO 

*0101000 

INITIAL! 

1100,1 

loioioor 

INITIAL! 

NH|  (  1  ,  ID  ,  0 

*00)A»M0 

INITIAL! 

lift. I 

*  ***13101000 

INITIAL! 

lift, 9 

•  ••*♦•■*  0*311 

INITIAL! 

1109,000 

'  -  03100010 

INITIAL! 

INK*. II), II 

•••••••,.••••0101011 

INITIAL! 

IlIf.IMM 

•0101901 

INITIAL! 

lift. If 

•0109901 

INITIAL! 

NIKI. 1). Ill 

•01III01 

INITIAL! 

NI|  ( I. t ) , Iff 

0010990% 

INITIAL! 

NIKI, 11,100 

•0101909 

INITIAL! 

NlKlOill.fO 

••I09900 

INITIAL! 

NIK  11,11,10 

•0109907 

INITIAL! 

NIKI, 00,100 

00109900 

INITIAL! 

Nil ( | , f ) ,1 

•0109900 

INITIAL! 

IIOA.I 

•C109910 

1101,110 

. -  mu!%ii 

- 

8 


ABLE  XXXVII.  HLH  ALTERNATE  MISSION  1 


HX99I3*  •  I*  s  4/e  •  HLH  •  O'  IT40IT  OtOJXKCO' 


IHITI4LI  HHIClat0|l)i|/MHl(l*!0»l0)«! 

HITI4LI  HHl<l,ll),70/<Ml(t.l0,ll),10/<H|{t,l«),l0 
IHXTI4LI  HHl(I#ll)#00/iMltl* II)  •  0/HH1 (9»tl)«0 
HXTI4LI  HHlCt#t*>*0/HOICI#l4)#| 

IHXTUli  <101, <1 

XHXTXALI  <104, <1 


*i i t lilt i 
■in  if  in 
■in  iim 

•  HUM* 
00101700 

•  •(•IIM 
91101910 
00190100 

.Hll 


TABLE  XXXVIII.  HLH  ALTERNATE  MISSION  2 


oooooot 

m«»M  1000000  000001  it  00000010 

05000000011400 

•  HX00X3H  0  1 

•  0  4/e  -  1  IT4H)|V  . . 

XHXTX&LI 

HH|(l>|>S)#t/HHin«»,10)»l 

09101400 

XHXTX4LI 

HHI(1,11),00/<MI(I,1H,00/<H1U,1I),I 

00101700 

iHXTXOy 

HH1CI, 12} •1I0/HH1  (1*11), 0/HH1 (0,11), 0 

09101000 

IHITI4LI 

<10O, <1 

00101700 

85 


r 

TABLE  XL.  HLH  ALTERNATE  MAINTENANCE  CONCEPT  A 

— — INI  illO 

u 

0U4C71D4 

44|*J| 

00010400 

1*100044  0*044410 

• 

00011100 

00010000 

4 

It 

OUmCTIDN 

441*91 

IMIlrVV 

00010000 

00101100 

0*100010  0.0494I4 

• 

0010IS00 

00101400 

• 

>41  -MUM— ——rot 04110 

X4I7X0U 

4«1(1»«)*II»/«1(I,1),M/4«1(1*1).00/Il<|<»»l),07l0  00104400 

I4XTXAU 

441(10*1)* 40/ IK l(4*0)*l0000 

00104000 

X4XTXAU 

411(11*1). 40 

00104000 

Xoxrxt^i 

41 1(1*0)* 00/4 41(1*4) *40/441(1* 10) *1 

00104700 

1417X4U 

4100*41000 

00104400 

I4XTX4U 

4100*4100 

00101000 

14XTXAU 

444(1 1, !•!) *  1 10 0 /440 ( 10*4-0) *14 00/440 (| 

0*7-lv)*tl00  OOIOIOOO 

X4XTXAU 

440(10*1 !)*•  1/440(17*1)* 1117/440(17*1! 

*1111  00101010 

XOXTIAU 

44007*1)  *1100/440(17  *4)  *11 40/440(17*0) 

•1147  OOIOIOOO 

X4ITX4U 

440(1 7*0) *1111/440(1 7* 7)* 1014/440(17*0! 

•1411  OOtOfOIO 

X4XTX4U 

44007*4-19),  1411/440(17*  11). 040* 

00101040 

»m»TX4U 

440(10*1-11), 1 

OOIOIOOO 

86 


i 


TABLE  XL  I .  HLH  ALTERNATE  MAINTENANCE  CONCEPT  B 


• 

C*U*8e«  73 

!<C34»34AT2  C4.I04K  X9|>CST!39/I9TC0T4lI 

00002710 

1) 

*44X4*12 

(491*1900*091)0(10S 

X41T14W  3471  1X4:2  7*7 

00002000 

11 

*4*1411,1 

(■«T*(C1/I«0))»<|09 

94 <1  1X4X2  747 

09002900 

Ilk 

KtlltlLCi 

lt«9-l|*0 

*47  >412044  m X 4 30m 

0001*010 

1 

0009001 

21000011  99499910  21000000021400 

IT 

00000111 

900990 

00021900 

1 

09010910 

1)9111 

00029100 

11 

7JCTX3* 

99101 

00020400 

0, 109)10  0*009911 

00020900 

• 

• 

* 

00020000 

09020700 

00020000 

J1 

7J/CTI34 

491,31 

09101200 

0.00092  9*00091 

09101)00 

• 

0910)400 

• 

ithrsNisci 

:39Ct^T  •4UTC994TC  • 

•  14  4224  C»U.I4|7. 

09104110 

I91T|*U 

911(1*1), 120/411(1,1) 

,1)0/411 (1,1), 110/411(9,1), 0720 

09104400 

I9ITIAU 

911(19,1), 20/911(4,0) 

,1)090 

0)104900 

I9XTI0U 

911(11,1),! 

03104009 

I9ITIAU 

911(1, »), 150/911(1,0) 

,9/411(1,10),) 

09104709 

I9ITI4U 

1119,910000 

09104900 

|M|TI»U 

1190,920 

09109000 

1911101.1 

990(10, l«!),llO  9/440(1 0,4*0), 1400/940  ( 10,7*10) ,1200 

09109000 

I9ITI0U 

49»(||, 11), 103/990(17 

,1), 2197/440(17, 2), 2121 

09109010 

I9IM4UI 

990(17,1), 2194/990(17 

,4), 2140/440(17, 9), 2147 

09109020 

19IT10U 

490(17, 4), 2)11/990(17 

,7), 1914/440(17,9),  1419 

031090)9 

tMf  ti*li 

990(1 7, 0.10),  |9I2/440(| 7, II), 9402 

0)109040 

I9ITI0U 

490(11,1-11),! 

09109090 

lOtTlOU 

1194,4 

0)10970 

I9ITI4U 

1190,7 

03109710 

I9IT141.. 

1191,210 

09109729 

7297  L 

<11, /21k, 49917 

T2IT  734  24120*4  747 

09122019 

TUT  L 

<11, <210, 4^421 

T29T  704  C4u2N94|  747 

00141410 

TfST  u 

<1|,<llfc,4LHl 

7297  *07  241204*  747 

0914)010 

419139 

47,9  2243  JOT  TX*2 

9MC21  LOOT  eoul4D4*  X4072CTI04 

09100910 

T:$T  i 

711,9210,44417 

7297  704  2412044  749 

00177910 

T19T  U 

<11, <210, 44917 

7297  704  2412044  747 

umnoi 

87 


TABLE  XL  1 1 .  HLH  ALTERNATE  MAINTENANCE  CONCEPT  C 


1  INWI  9100001  »«««»  180901 U  Mf«»U  »♦«*»♦• 

IT  ••090111  ••••••  • 

I  10019110  000100  0 

ii  junction  mi  >  oi  o 

•  ,IOOOI«  O.MMII  0 


II  ^UiCTIJN  Ml, 01  09101*0 

>••001  0,M««l  0010IS0 


ItllTOUNCt  e'JNt(*T  •Ilftnud  I  •  M*0|0  100  NR  Ml  •OOIT/RRI  riBHT 


iNlTIIg  N*l  (If  I).  10000/Ml  <1#  11*10/111  (I#  n,«0/ftll  (1,1)  ,0710 
immu  oiao,i),io/iKi(»,k),ioioo 
INITUU  *1101,1), I 

IN1TUU  *«lO*0).l0/Ml'l,0).9/*«l(  1.101,1 
htmu  <i  m,<ioco 
HlTUu  <!••»  <10 


88 


V 


TABLE  XLIII.  HLH  ALTERNATE  MAINTENANCE  CONCEPT  D 


4 

g<4*ioeo  Ts 

IO03IMI  (t.eoM  INJ»ICTI34/INTH44L« 

00002710 

1) 

millL! 

(*4l*1000**»ll)#<l*5 

lllT|*u  >4*1  It  ICC 

09002000 

tl 

*t*l*0ll 

(••T»(ei/240))M19S 

04*1  SIICC  *40 

00002000 

m 

yniiiK 

im*nn 

*4*  C4L(404*  4)4904 

00019010 

i 

MMM| 

5900005  HUM! 

TI0000I1  00900014  79000000021100 

IT 

000001 >s 

00021500 

1 

2001091* 

200 1 1 0 

00021100 

II 

*UICTI34 

*H#32 

00020*00 

t.ieoou  o.mmis 

00020900 

4 

00020400 

4 

00020700 

4 

00020000 

II 

*tfiCTI3i 

I'll,  32 

0910)200 

0,10091  M«»l 

00101900 

4 

00101*00 

4 

44llT,  C34CC47  4i.IT,  D  IT  <EC*  Ml 

00101110 

I'llTIIu 

4*1(1, 2), 220/ 4X  1(2,1) 

,  1 00/4*1  0,1),  120/4X1  (5,  u,4720 

INITI4U 

411(10,1). 20/411(1,0) 

•19000 

00101900 

HITI4UI 

4X1(11,1),) 

00101400 

IMITI4U 

4X1(1, 0), 120/4*1(1,0) 

,9/4*1(1,10),) 

00101700 

IlITIlU 

1110.00000 

00101900 

IlITI*U 

(100,420 

00109000 

H|TJ4LI 

440(10, !•)), 2)00/ 4H 0(10, ••0), 1000/440(10, T«10), 2000 

00105400 

I4ITI4U 

440(10, ll),2l)0/440(tT,l),llST/4NO(lT,I),21 21 

00109410 

I4ITI4LI 

440(lT,l),2lOO/440(lT 

,0,2110/440  07, 5), 21*7 

00109420 

IIITI»U 

440(|T,0),21SI/440(1T 

,7), 1014/44007, 0,1915 

09105410 

1 HTUl' 

44|flT,0), 10)2/444(17 

•  19), 10)2/44407, 11), 0*02 

09109440 

11171*1,1 

440  01, 1*11), 1 

00109450 

IMXTI*UI 

*100, T 

ooioorc: 

ISITI4U 

*105,110 

00109720 

TIST  L 

*11, *2)4, **4)7 

TEST  *00  C4LCN94I  *4* 

00122010 

TEST  L' 

*11, 42)0,41421 

TCS7  *00  C4LCN544  *44 

001*1110 

TUT  L 

*11, *210,414) 

resr  *oo  c*ien)*i  mi 

00111010 

UlIM 

IT,  0 

00100)10 

TEST  l 

*11. *2)4. 4*417 

TelT  40*  C4LCN94*  *4* 

00177910 

TEST  L! 

*11. *2)0, **417 

TEST  *00  C4LEN94*  *00 

00200410 

H9 


APPENDIX  III 

RESULTS  OF  COMPARATIVE  ANALYSES 


Tables  XLIV  and  XLV  summarize  the  results  of  the  CH-47C  and 
HLH  maintenance  concept  comparative  analyses.  Discussion  and 
analysis  of  these  data  are  contained  in  the  Comparative  Analy¬ 
sis  section. 


CH-47C 

Twenty  simulations  were  run  for  the  CH-47C  comparative  analy¬ 
sis.  These  computer  runs  were  typical  of  all  maintenance 
concept/mission  profile  combinations. 


HLH 

Twenty  simulations  were  run  for  the  HLH  comparative  analysis. 
These  computer  runs  were  representative  of  all  maintenance 
concept/mission  profile  combinations. 
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Buie:  Daily,  intermediate  (25  hour  PMI),  periodic  (100  hour  PMP) 

A:  Tirw  (deily)  ,  10-hour  inspection  (PHI)  ,  phued  periodic  (50  hour  PMP) 
B:  Turnaround/servicing  (PMI) ,  daily,  calendar  -  periodic  (PMP) 

C:  Preflight,  postflight  (PMI),  phued  inspection  (PMP) 

D:  preflight,  postflight  (PMI),  daily,  calendar  -  periodic  (PMP) 


MISSION  1:  16  AIRCRAFT,  1.5  HOURS /FLIGHT 

3920  FLIOTTS  SCHEDULED 
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Basic:  Daily,  intermediate  (25  hour  PMI ) ,  periodic  (100  hour  PMP) 

A:  Firm  (daily),  10-hour  inspection  'PMI),  phased  periodic  (50  hour  PMP) 

B:  Tumaround/servicing  (PMP)  ,  daily,  calendar  -  periodic  (PMP) 

C:  Preflight,  postflight  (PMI),  phased  inspection  (PMP) 

D:  Preflight,  postf light  (PMI),  daily,  calendar  -  periodic  (PMP) 


MISSION  2:  11  AIRCRAFT,  1.5  HOURS /FLIGHT 

_ 504  FLIGHTS  SCHEDULED 
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Dally,  intermediate  (25  hour  PKI),  periodic  (100  hour  PMP) 

Firm  (daily) ,  10-hour  inspection  (PKI) ,  phased  periodic  (50  hour  PMP) 
Tumaround/servicing  (PMP) ,  daily,  calendar  -  periodic  (PMP) 
Preflight,  postflight  (PHI) ,  phased  inspection  (PMP) 

Preflight,  postflight  (PMI),  daily,  calendar  -  periodic  (PMP) 


MISSION  3:  3  AIRCRAFT,  l.S  HOURS /FLIGHT 

560  FLUX TS  SCHEDULED 
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Preflight,  poetflight  (PHI)  ,  phased  inspection  (PMP) 
Preflight,  postflight  (PMI),  daily,  calendar  -  periodic  (PMP) 
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MISSION  2:  9  AIRCRAFT ,  2.0  HOURS /FLIGHT 

336  PLIGHTS  SCHEDULED 
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Buie:  Firm  (daily)  ,  10-hour  inspection,  50  hour  phased  periodic 
A:  Daily,  internediate  (25  hour  PHI ) ,  periodic  (100  hour  PUP) 

B:  Turnaround/servicing  (PMX) ,  daily,  calendar  periodic  (34  weeks  PMP) 

C:  Preflight,  postflight  (PHI),  phased  inspection  (100  hours  PMP) 

D:  Preflight,  postflight  (PMI),  daily,  calendar  periodic  (17  weeks  PMP) 


APPENDIX  IV 

CH-47C  R6M  INPUT  DATA  BASE 


Tables  XLVI  through  LVI  have  been  employed  in  the  development 
of  the  R&M  function  tables  of  the  CH47C  R&M  simulation  model. 

Included  in  the  data  presented  in  this  appendix  are  all 
primary  and  non-primary  malfunctions,  encountered  against  the 
various  CH-47C  components/s ubsys temo ,  as  well  as  the  mainte¬ 
nance  actions  against  each  system.  Maintenance  actions  in¬ 
clude  things  like  visual  chocks  and  walk  around  safety  checks, 
which  are  frequently  not  accounted  as  maintenance  against  a 
component.  Furthermore  these  tasks  do  not  in  themselves  im¬ 
part  aircraft  operations. 

The  total  malfunction  rate  used  in  the  simulation  excluded 
maintenance  actions.  Thus  malfunctions  are  generated  at  a 
rate  of  approximately  1.3  per  flight  hour. 
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Unsched.  renovel  4  replace  7.7441  0.68  2.5  0.27 

Scheduled  renova 1  -  -  - 


TA3LE  W.VIII.  CH-4  7C  INPUT  LATA  -  DRIVE  SYSTEM 
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TAP  LX  XLVIII.  Continued 
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action  Scheduled 


Continued 
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St  repair  4.3560  0.70  2  0.35 

renoval  t  roplace  0.4840  2.25  2  1.13 


TABLE  XLVIII.  Contir* 
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TABLE  LV.  CH-47C  INPUT  DATA  -  INDICATING  SYSTEM 
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Scheduled  renova  1 


APPENDIX  V 

HLH  R&M  INPUT  DATA  BASE 


Tables  LVII  through  LV  have  been  employed  in  the  development 
of  the  HLH  RfcM  simulation  model  functions  tables. 

Included  in  this  appendix  are  the  various  inspection  and 
servicing  tasks  against  the  rotor,  flight  controls,  drive,  and 
cargo  handling  systems.  These  items  are  not  malfunctions.  As 
such  the  total  malfunction  rate  used  for  the  HLH  simulation  is 
approximately  1.05  occurrences  per  flight  hour. 
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TABLE  LV1I.  Continued 
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Hnt  tiadown  fitting*) 
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TABLE  LIX.  Continued 
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Coupling  assembly  2026  Unacfced.  removal  6  replace.  0.9100  0.3510  2  0.2925  0.024 

(rent  6  repl 

coupling  assembly) _ 
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APPENDIX  VI 

DOCUMENTATION  OF  MODIFICATIONS  TO 
GOVERNMENT-FURNISHED  SIMULATION  MODEL 


The  following  changes  have  been  made  to  the  Government- 
furnished  simulation  model: 

1  In  modifying  the  model  to  accommodate  a  platoon  size  of  up 
to  24  aircraft/  several  reallocations  of  resources  were  made. 
The  reallocation  of  Blocks  (BLO)  and  Fullword  Save  Values  (FSV) 
should  not  constrain  any  future  runs  or  minor  model  changes. 

If  it  is  desired  to  keep  the  model  core  requirements  at  a 
minimum,  a  reallocation  of  Transactions  (XAC)  to  400  and 
Common  (COM)  to  175,000  will  support  up  to  11  aircraft  in  most 
maintenance  concepts  and  mission  profiles. 

If  execution  error  599  (limits  of  core  exceeded)  is  encoun¬ 
tered,  increase  the  total  core  request  for  the  job  step  by 
50,000  bytes. 

If  execution  error  468  or  469  (number  of  transactions  ex¬ 
ceeded)  is  encountered,  increase  the  reallocation  of  transac¬ 
tions  (XAC)  by  100,  Common  (COM)  by  50,000,  and  the  total  core 
request  for  the  job  step  by  50,000  bytes. 

2  It  is  advised  that  for  early  applications  of  the  model 
(debugging)  a  delimiter  be  used  in  column  19  of  the  simulate 
card.  A  value  of  6  was  used  in  most  analyses,  which  limited 
the  simulation  to  6  CPU  minutes. 

3  The  UNLIST  card  was  added  to  the  original  model  to  suppress 
model  listing. 

4  Variable  9  has  been  generalized  with  respect  to  run 
duration. 


5  Variable  10  generalizes  the  calendar  PMP  inspection  to 
be  a  function  of  input  X195  (the  calendar  inspection  interval) 
rather  than  a  constant  in  the  variable  definition. 


6  Variable  11  is  a  modified  variable  used  in  the  the  tests 
for  calendar  PMP.  It  is  generalized  to  be  a  function  of  input 
X195.  Parameter  47  (P47)  contains  the  initial  time  since  last 
calendar  PMP  for  the  aircraft.  Subsequent  to  induction  of  an 
aircraft  into  the  PMP  routine,  the  P47  value  is  reset  to  zero. 
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7  Floating  point  variable  (Fvariable)  146  has  been  modified 
due  to  tho  increased  number  of  aircraft  the  model  now  encom- 
passess.  If  it  is  desired  to  operate  the  model  "on  condition", 
use  a  dummy  input  as  follows : 

Initial  MH6(26,  1-24),  K30000 


8  Variable  147  has  been  generalized  to  make  it  a  function  of 
the  input  parameter  save  value  X189  (the  PtiP  interval).  This 
variable  is  employed  in  the  model's  PMP  logic  test.  It  was 
felt  that  the  model  should  be  suitable  for  changes  in  PMP 
intervals  without  logic  change.  Thus,  this  variable  was  de¬ 
fined  to  make  the  PMP  logic  test  functionally  dependent  upon 
an  input  rather  than  logically  dependent  upon  a  constant,  as 
was  previously  the  case. 


9  Variable  148  was  generalized  in  the  same  manner  as  vari¬ 
able  147.  Variable  148  is  employed  in  the  PMI  logic  tests 
within  the  model.  Again,  it  was  felt  that  all  PMI  logic 
should  be  generalized  to  be  a  function  of  input  parameters, 
rather  than  allowing  logic  to  be  dependent  functionally  upon 
a  constant  within  the  coding  of  the  model. 


10  Variable  150  has  been  modified,  due  to  the  increase  in 
model  size  to  accommodate  a  platoon  size  of  24  aircraft. 
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11  Variables  206  through  211  have  been  modified  to  provide 
new  save  value  numbers  for  test  hop  flight  hours,  aborted 
flights,  and  aborted  hours.  This  change  was  made  necessary 
by  modifying  the  model  to  handle  24  aircraft. 

12  Floating  point  variables  214  and  215  have  been  modified 
to  use  the  new  save  value  numbers  for  aborted  and  test  hop 
flight  hours  in  the  maintenance  man-hour  per  flight-hour  cal¬ 
culation  and  platoon  flight  time  summation,  respectively. 

13  Floating  point  variable  216  has  been  modified  to  make 
the  availability  dependent  upon  input  definition  of  the  run 
duration,  rather  than  functionally  dependent  upon  a  constant 
within  the  variable. 

This  has  been  accomplished  by  incorporating  MXl  (5,1)  (run 
duration)  in  the  variable  statement  in  place  of  the  original 
value  of  6720.  Furthermore,  this  variable  has  been  modified 
to  handle  NORS  time  by  inclusion  of  X*3. 

14  Floating  point  variable  217  has  also  been  modified  to 
generalize  the  availability  for  the  platoon  with  respect  to 
the  number  of  aircraft  per  platoon  and  the  run  duration  of 
the  simulation,  by  use  of  X191  and  MX1(5,1),  respectively. 
Also,  this  variable  required  modification  to  allow  for  the 
accountability  of  NORS  downtime  which  was  previously  not 
considered  in  the  baseline  UH-1  Government-furnished  model. 

The  NORS  delays  are  administered  by  inclusion  of  X1425  in  the 
variable  definition. 

15  Floating  point  variable  220  has  been  modified  to  employ 
the  new  save  value  number  for  platoon-aborted  flight  hours  in 
the  availability  calculation. 

16  Variable  231  has  been  defined  to  generate  a  six-digit 
random  number  module  X189,  which  is  the  PMP  interval.  This 
variable  is  employed  in  routine  ZZB  of  the  model,  to  initial¬ 
ize  the  P40  value  that  is  representative  of  the  initial  air¬ 
frame  values  of  each  aircraft.  This  variable  provides 
generality  in  that  the  modulization  based  on  X189,  which  is  an 
input  parameter,  enables  the  airframes  to  be  initialized  with 
values  ranging  from  1/10  of  an  hour  to  99,999.9  hours.  If  the 
situation  were  ever  to  arise  that  a  PMP  interval  of  greater 
than  100,000  hours  was  desired,  this  variable  would  require 
redefinition. 

17  Variable  232  has  been  established  to  define  save  values 
for  the  accounting  of  NORS  per  aircraft.  P14  keeps  track  of 
the  tail  number  of  each  aircraft  and,  with  the  constant  K  1400 
added  to  it,  ensures  save  values  in  the  range  from  1401  to 
1424  for  NORS  accounting. 
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18  Variable  234  has  been  defined  to  generalize  the  inter¬ 
action  between  PMP  interval,  defined  by  input  X189,  and  the 
mission  duration,  defined  through  function  table  4.  This 
variable  established  a  window,  so  to  3peak,  through  which  a 
PMP  inspection  can  be  activated.  For  example,  if  X189,  the 
PMP  interval,  is  100  hours  and  the  value  chosen  from  function 
table  4  is  2  hours,  as  a  mission  length,  the  value  of  V234  is 
98  hours.  This  variable  is  then  employed  in  the  logic  to  test 
if  the  time  on  the  aircraft  is  greater  than  or  equal  to  98 
hours,  yet  less  than  100  hours.  If  this  is  the  case,  the  air¬ 
craft  requires  and,  therefore,  receives  a  PMP  inspection.  The 
original  logic  of  the  model  employed  constants  in  these  tests, 
which  meant  that  the  model  functionally  and  logically  was 
dependent  upon  the  PMP  interval  and  mission  length  of  the  UK-1 
aircraft.  Thus,  this  area  was  modified  to  provide  generality 
to  help  accomplish  the  required  comparative  analysis. 

19  Variable  235  has  been  defined  to  perform  a  function 
similar  to  that  of  variable  234,  except  that  variable  235  is 
employed  to  define  the  window  through  which  the  PMI  inspection 
logic  is  accessible. 

20  Variable  236  defines  a  window  by  which  the  calendar  PMP 
logic  is  activated. 

21  Variable  237  generates  a  -720  for  use  it)  the  checks  for 
daily  maintenance  whenever  3  nonflying  days  in  a  row  are 
encountered. 

22  Variable  239  tabulates  the  time  since  last  daily  inspec¬ 
tion. 

23  Variable  240  established  save  values  to  count  the  number 
of  dailies. 

24  Variable  241  establishes  save  values  for  tabulating 
missions  completed. 

25  Boolean  variable  (BVARIABLE)  17  has  been  generalized 
through  the  use  of  input  X194  -  the  number  of  ready  aircraft 
required  to  hold  maintenance  personnel  overtime  -  rather  than 
a  constant  in  t^.;  variable  definition. 

26  Boolean  variable  19  is  a  new  variable  which  has  been 
defined  to  preclude  maintenance  being  performed  during  off- 
shift  hours. 

27  Boolean  variable  20  has  been  added  to  ensure  that  only 
flying  aircraft  get  dailies  (except  when  72  nonflying  hours 
expire) . 
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28  Matrix  6  has  been  expanded  to  handle  up  to  24  aircraft 
and  24  TBO  items. 


29  Function  table  2  has  been  modified  by  inclusion  of 
Event  8  -  PMI  probability  of  success. 
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29  Function  9.  This  sorting  function  has  been  modified  by 
the  addition  of  the  event  number  8  and  its  subsequent  func¬ 
tional  value  of  FN56.  The  inclusion  of  this  change  to  the 
function  table  enables  the  model  to  detect  multiple  mainte¬ 
nance  actions  at  the  intermediate  inspection  through  function 
table  56. 


29  Function  table  15.  This  is  a  sorting  function  that  has 
been  modified  by  the  addition  of  element  number  8  and  its  func¬ 
tion  value  B v 5 7 .  Function  57  is  the  table  defined  which  pro¬ 
vides  the  pr  .hability  of  maintenance  by  various  systems,  given 
a  maintenance  action  at  the  intermediate  inspection. 
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29  Function  table  23.  Again,  this  is  a  sorting  function  that 
has  been  modified  by  the  addition  of  element  number  8  and  its 
function  value  FN  29.  Function  29  provides  the  probability  of 
any  element  of  a  system  being  detected  as  a  failed  item  in  a 
system,  given  a  maintenance  action  in  thia  system.  Due  to 
the  paucity  of  data  on  the  CH-47C  and  HLH  at  the  elemental 
level,  this  function  table  is  the  same  as  the  function  table 
employed  at  the  periodic  inspection.  If  data  on  another  air¬ 
craft  was  of  ouch  a  quantity  that  a  distinction  could  be  drawn 
between  the  elemental  probability  of  occurrence  between  the 
intermediate  inspection  and  periodic  inspection,  it  would  be 
suggested  that  function  table  23  be  modified  to  use  a  function 
value  of  FN58  for  element  number  8  and  a  new  function  table  58 
be  defined  of  a  form  similar  to  that  of  function  table  29. 

This  would  give  the  elemental  probability  of  occurrence  at  the 
intermediate  inspection,  given  a  system  maintenance  action  at 
the  intermediate  inspection. 
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?J  Function  tables  32 ,  33,  34,  35  and  37.  For  each  of  these 
functions,  the  function  table  definition  card  for  HLH  and  CH-47 
models  P22  has  been  replaced  by  FN46.  That  is,  whenever  these 
function  tables  are  addressed,  function  46  will  be  used  to 
indicate  which  element  of  the  function  table  is  to  be  se¬ 
lected.  As  previously  defined,  parameter  22  was  used  to  iden¬ 
tify  the  element  that  was  to  be  selected.  Also  on  the  function 
definition  card,  these  function  tables  have  been  modified  from 
discrete  function  tables  with  a  D  identifier  to  list-type  func¬ 
tions  with  an  L  identifier  for  the  number  of  discrete  points 
in  the  function  table.  Due  to  the  occurrence  in  the  CH-47C 
model  of  multiple  maintenance  actions  on  the  same  element  num¬ 
ber,  it  was  necessary  to  modify  these  tables  to  list-type 
functions.  Discrete  function  tables  do  not  provide  the  analyst 
with  the  ability  to  keep  the  same  functional  X  value  for  the 
table  for  various  points  within  the  function  tables.  That  is, 
for  discrete  function  tables,  the  X  value  must  be  monotonic 
increasing.  It  was  desirable  to  provide  the  analyst  with  a 
method  of  keeping  all  the  various  elemental  values  of  these 
function  tables  compatible  with  the  work  breakdown  structure 
or  element  identification  number  system  employed.  These  tables 
have  been  modified  to  list-type  tables.  It  should  be  noted 
here,  however,  that  in  the  situation  where  list  function  tables 
are  employed,  the  X  value  of  the  function  table  is  not  even 
analyzed  by  the  computer.  Rather,  it  merely  assumes  that  the 
Y  values  of  the  function  table  are  related  to  numbers  running 
from  l,to  the  total  number  of  discrete  data  points  for  the 
function  table  as  defined  on  the  function  table  specification 
card.  Function  table  46,  which  defines  the  element  number  in 
terms  of  a  number  running  from  1  to  the  discrete  number  of  data 
points  in  the  model  as  a  function  of  the  inputted  element  num¬ 
bers,  is  significant  to  the  proper  actuation  of  the  model. 

These  element  numbers  are  dummies  when  a  model  has  more  than 
one  task  per  element  number.  They  have  been  biased  to  conform 
to  requirements  of  a  discrete  function  table  that  the  element 
numbers  be  monotonic  increasing.  However,  it  is  felt  that  this 
bias,  which  is  merely  a  manipulative  problem  and  nas  nothing  to 
do  with  the  proper  functioning  of  the  model,  in  no  way  distorts 
the  results  of  the  model  and,  furthermore,  allows  the  analyst 
to  properly  code  his  element  numbers  with  respect  to  all  the 
R&M  data  for  all  other  function  tables  of  the  model. 
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30  Function  table  33  has  been  modified  to  a  list-type 
function  table. 
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30  Function  table  34  has  been  modified  to  a  list-type 
function  table. 
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4944*40505 

1140*44701 

3440*50707 

9104000710 

9100000711 

3140*50601 

3400000*0? 

95**154*0# 

9400000*07 

3140*54*0* 

9400000*1* 

9100*40*17 

9100*40**1 

94*?15J001 

9111*41905 

3100*4100* 


09006001077*00 
0000*504677100 
6606006 4077 008 
0000*404077508 
00000031077400 
03000001077700 
00000031077*00 
01077*00 
01076000 
00000001076! 00 
00030001078*04 
03000004076504 
00000004075*00 
0000*504076500 
00002509079500 
00000001076700 
0000*401076*00 
00002501079*00 
0000000107*000 
0000250407*100 

nnoo*4oio7*?oo 

0000*50407*500 

0000*54107*500 

00000001075500 

0000*53107*400 

0000*50407*704 

0000*50107**00 

0000*43307**00 

0000*5030*0660 

0000*4010*6100 

000000010*3*00 

000025010*0500 

000024014*0*00 

000024690*0500 

00000004660500 

0000000106P700 

000000040*0600 

00000003060*00 

00002*040*1000 

00002*8406110? 

00000003061*00 

0*2*16340*1500 

000000040*1*00 

0000**00061600 

000000044*1*60 

0000**040*1700 

00002*04461600 

400000040*1*00 

000000010**400 

000000040**10* 

000000414***00 


15? 


30  Function  table  35  has  been  modified  to  a  list-type 
function  table. 
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1910 

9*??Hl  9|  * 

*099**1*19 

*3*1**1*1i 

'***>*1*1  1 

9*9*9*1*12 

191? 

19009*1  1  " 

9*9*  **1 101 

*9939*1  1*2 

*  »»7?!l 10? 

3**«**l 1 *7 

1191 

1  ?**71l 19* 

11999*1  IM 

9313**119* 

9*0*?St 10* 

0  ***99 1 | 9* 

119* 

*90*0*11 9* 

9***7*1107 

*399**1197 

3***9*1101 

3***2*1 10* 

119* 

09**2*119* 

*190**1  1 1 1 

*3**7*1119 

99*1*91 1 1 1 

1*0«2*1 1 1 1 

1112 

090*2*1  1  1  * 

99909*1 1 1 1 

*3*92*1111 

"93031  1  1  a 

9***7*l It* 

_  nn 

0191 

090*2*1 1 1 1 
•JOHi 

9*0**01 1 1  * 
**«%.l2»l 

13rt*»*l 1 1* 

3  3390  31  1  1  7 

9*89?* 

*9002*9191 

9950***102 

33*3***192 

9919**010! 

0*882**1 8! 

on* 

90092*010* 

9199***1*1 

*3997*01*1 

9393*1019* 

0*221*010* 

0197 

900*2*91*7 

*99**0*101 

*3932*0198 

3  '*90*0t  o* 

0*882*818* 

0111 

*00*2*01 1  * 

***0**911 1 

'39*2*0111 

1999*901  1  ? 

09802*8112 

01  1 1 

90*02*01 1 1 

9**1**0201 

*39*2*0292 

9393?*0?0? 

3*88009201 

029* 

999909*?** 

***0*19*011 

*3*3*992*1 

3300?*0>01 

3*8008028* 

0*9* 

90000*0197 

1095»**?0! 

03932*92*8 

990901020* 

3*802*829!' 

o»n 

900*2**71 1 

9*007*9211 

9391090010 

0*7?!10101 

3*9909010? 

0!9> 

*90*0*0102 

0*0  3991  19  1 

*3932*919! 

933999010! 

318800910# 

019* 

00000*01*1 

13907**  1(1* 

03*32*0197 

90092*0108 

01092*010* 

019* 

00092*011 0 

9000»*9ll 1 

13032*0112 

90002*011 1 

0*9fl?*0l|« 

Oil* 

009*2*011* 

10*0**9  1| 7 

93*32*0118 

91392*911 • 

0*992*012* 

0121 

00092**12? 

9199»*9l21 

0  39  3  2**1?* 

5333?*0 121 

0**02*012* 

0127 

99002*91?* 

09907**123 

*393>*0l!9 

93912*9111 

0*902*011? 

0111 

90092*011* 

0900**9111 

13937*911* 

09992*911? 

3*882*0117 

Oil* 

99092*011* 

11917**113 

03*319*1119 

93192*0 1*1 

3*99?*oltt? 

01*1 

99092**1*9 

9**37*313! 

*3132**1*1 

1330090!** 

5*892*0 1*7 

on* 

900*2*01** 

100*74011* 

*9932*9111 

59102*9  111 

3*80000*81 

0*91 

0*0*01**92 

30*97*03*7 

93039*0**1 

9*092*0*01 

3***900#9« 

0*91 

171*27*0** 

1113*0*39! 

930339**"* 

33992*9*0* 

9*89008*07 

0*9» 

*9990*9*** 

19*07**39! 

*3*39**#** 

9  99*?40OO* 

3*88900*18 

0*10 

*101099*1 1 

990*»*1*'2 

03912*9*1 ? 

3*000*0*1 1 

9*882*0*11 

0191 

90902*0191 

3190*09101 

31039091*2 

33932*910? 

3*08890101 

0111 

990109011* 

911*7**1(13 

33931*9101 

33092*0101 

1*8000010* 

019* 

900909*197 

90*97**197 

93931*919* 

03932*9108 

3*880*0109 

019* 

191*0*0*91 

90017*1*01 

91*3119*92 

99902*9*01 

9**02*9*01 

9*9* 

*90*2*0*0* 

1111111*1! 

91932*9*91 

93**900*0* 

9*992*9*0* 

0497 

*1092**7*1 

10997**7*2 

13092*9?*? 

930919*701 

0*902*9701 

079* 

10002*979* 

*0*1*9*711 

13932*97*1 

9*3**90707 

0*882**707 

079* 

*9012*0708 

9001*0*7** 

99932**70* 

9309*9970* 

98*0990718 

071* 

1000910711 

91097*0711 

030090*712 

9*032*071? 

308008071! 

0711 

139090071  # 

*11»?*97tl 

*391***711 

1391*90*01 

9*902*0*01 

0*9? 

19002*090? 

0000**0*01 

91902*9*01 

9390**0*01 

0888080*0? 

0*1? 

0090090*0? 

5009*01*01 

13012*9*01 

9331099*9# 

0*22110*0# 

0*9* 

9000000*01 

90997*9*9! 

039399**9* 

93992*0*0* 

9**0099*07 

0*97 

1000000*07 

1100*11*18 

93*92*9*9* 

39*3090*0* 

01992*0*0* 

0*9* 

9090059*1  1 

09097*0*11 

999300**1 1 

93302*0*11 

3*90009*12 

0*12 

,100*099*1  1 

09097*0*1* 

939l?*n*jl 

03332*0*1* 

9*882*9*17 

0*1* 

*0002***ll 

1990*90*1  * 

13*32*0*2* 

09902*9*21 

9*98?*0*?1 

0»»7 

*99*2*0*71 

*9997*1 99? 

*39*2*199? 

399099110! 

0*22111001 

191* 

00*02*109* 

9910*3109! 

09952*13*1 

**9591100* 

0**02*100* 

1997 

*0002*1 997 

0000*0109! 

03032*1*98 

0339011*0* 

0*892*100* 

1  910 

0*22111 91  * 

.9*39**1*19 

0303*01911 

03132*1911 

3*8000101? 

0*002*<1***?!(>0 
oooooo****?*** 
9  0002*0*9*2*0* 

000*09****?*** 
*0O090*'O4*T** 
80000*0'0*2*09 
**8*2*00 
110*1909 
OOOOOOO'OMlOO 
0000009*o*!20O 
00090O9*oM!00 
0900000*0*  1*00 
09002*9*0*1100 
00002*1*0*1900 

oooooeo*o*i?oo 
00002*000*1*00 
00002*0*1*1*11 
0900001*0**011 
00002*1*0**100 
0*002*1*0 **>10 
00002*o***«loo 
00002*0****010 
000000*10**100 
000O2*000***n0 
09002*0*1**70* 
00002*0*0**409 
09002*9*0***0* 
00002*0*0*1*00 
00002*0*111100 
00000093O«l?00 
19002*000*1100 
00002*1*0*1*00 
00002***0*1100 
000000000*1*00 
090000000*1700 
000000100*1*00 
0*0000090*1*00 
00002*000**000 
00002*9*0**100 
0003000*9**70* 
0*22110*0**100 
000000090***00 
00002*9*0**100 
0000000*1***00 
00002*0*0**700 
00002*0*01**00 
090000000***00 
000000010*7000 
000000090*7100 
000000000*7200 
00002*0*0*7100 
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I  9 

I I 
1 1 
11 
11 


oii'jiini 

1  »ai751  i  i  3 
OSS'*  mi  1  93 
IIMMlltl 
9390*31  1  I  ? 


909**31  )  HI 

noun  113 

1919*31  1  o7 
HSH?)  1  1  9 


MMntrj 

9393101 in 

*>  3  ^  3  ?  ••  1  i  *7 
*313*91  1  1  0 
11H17M1H 


!»'JlM|tO> 
1919291  1  fid 
119119  t  1  0* 
MIPfMiH 

'n»mn 


non  mu* 

3"ooon  to* 
3n  "?M  1  0* 
S^fiMl  1  1  ( 
9911?91  I  1  <1 


9imi990*7a11 
9  9  1  0  2  ft  ft  9  0  •  7  5  1  9 
9  9  9  0  0  0  99  ft  *  7  9  9  9 
999000999*7790 
930909999*7*99 


1115 

1309*5!  '  1  5 

*191 19  1  1  1  s 

950  3  **1  1  1  5 

339  39  9  1  1  1  7 

3  9  9  0  ?  * 

090*7*01 

n 

»  <1 

:  rr  ii 

*15. r?l 

»*  me^tu 

.  ir*T*1*U7T3'/ 

999**110 

0 

3 

« 

til  .? 

?i? 

.  J 

335 

.* 

59* 

.5 

9*9 

199**110 

,5 

*15 

.7 

1*99  .75 

1  3*9 

1  303 

1  *39 

.«* 

?1?0 

990**?00 

*399 

.»? 

>5*1  ,*i 

?»1  3 

.?5 

2**3 

S»90 

.»7 

3500 

990**300 

.»« 

3»"9 

.»* 

191"  .**5 

53m 

,  »*• 

,  *•* 

7990 

,9*9* 

*000 

090**  <4  93 

17 

»  JV 

;ri  iv 

*ViS.L*»J 

pro;  r 

« T  If  9 

1 

„T  1*  P 

p*/*c  1 

'0 

999*3509 

0131 

555" 99" | 1* 

93039091 92 

11*1999103 

199090019* 

19*000099**59" 

0111 

3  3  0  0 

3  •s  1 

***1939105 

03931 

99105 

*1*3190105 

.1190909)09 

•»9900910»3Tni 

1197 

0310 

193197 

***111910* 

9)931901 0* 

Hl'9301  0  * 

199«0001 09 

*19000099*9*99 

0119 
1111 
3*31 
0>19 
0»t  9 

on? 

1191 

on* 

9111 

01*1 

01*7 

9111 

on* 

9111 

on* 

01J1 
0135 
91)7 
0«1  9 
0  5  31 
9111 

on* 

on* 

on« 

0397 
1711 
97  3* 
0719 
0711 
0*3? 
0*3? 
0  1 1 1 
0*37 
0*3* 
0*12 
0*1* 


9339999)19 

93999991)1 

5*9"33120* 

5391119*97 

9*93311*11 

***"19911* 
IIHVMM 
3303*9911 9 
1**9999 11 3 
99993901?? 
91999991?* 
933993*11  '* 

*11*999111 

1*19390111 

1**  9  9  9  9  lit* 
*15999* 'j  9* 

339939919* 

111*3*911* 
11*311911 l 
910*999111 
11*9919131 

***3319107 

1**9119931 

9391**9991 

9391919791 

9391019701 
100909073* 
*1*131971 1 
1**109971 1 
9391099*9? 
*1*9039*9? 

***1330*95 
**•0930*37 
*•*0909*1 9 

•**9309*1 3 
*•*00  99  *1  * 


11119191 1 1 
*111991191 

111991919* 
3913391»11 
»**1 19  9  19  J 
1199909191 
*1*9939111 
199999111 7 
*1*  3  900  3*1 
*l*3900l?1 
11*3900115 
3930910111 
*•*99,001/11 
*•*9909359 
3990113491 
I**9l09<i0l 
9913909193 
319093911* 
1*13909391 

3130100991 

3003913507 

3033103*01 

*•41**3*05 

*1*319979? 

*•*3101705 
*••3101701 
3OOH0O71 1 
3039199715 
**•9109*91 
1*»1101*0J 
9099991*95 
»*»3  900  103 
9103900*10 
1030993*11 
1130109*1* 


0391*191 1 1 
l»«31Cn?9? 
}1«39C9?93 
9303390?93 
11*3339191 
9393199191 
9101999197 
11*119911 ? 

13919f9  (1 9 

11*31901?! 
9  )0  3  9  01  119 
1990999 3J9 

11*1390119 
0)9119l!lS 
11*3999 151 
11*1191191 
11*199019* 
*1*330919* 

9)03911«1 ? 
119333059? 
*1*1199595 

*19311059* 
11*3310*9? 
0391990515 
339399979? 
1393109795 
139191979* 
11*931971 ? 

1 31 1 1 ?C  7 '  5 

139119019) 
3103119*3  3 
*199190*9* 
1313311* r • 
11*3300*) t 
11*3999*  |  5 
ll*3399»?i 


*1**9190 | > 
?319"99»9» 
*999  f.  09?. 9  5 
*11399010* 
IIIII'OIO) 
11*3919191 
9993990509 
99399993)3 
**1319911* 
39931"03?5 
11*3990131 
***3919137 
***3390311 

**•991911* 
3099909351 
39399J0193 
339009019* 
59939*910* 
1**3999113 
130P93050* 
1333990505 
999999950* 
9333090*03 
*1*3010*0* 
11*3930703 
*5*3110707 
*1*391079* 
993909071 ? 
1**3030*01 
•**9190*01 
*1*1999*01 
3100990*0* 
*1*31.1050* 
9101990*) 1 
*5*1919*) * 
?991999*?1 


99919991 1 ? 
55*9990201 
15Q909OJ9* 
399999920* 
**•909039? 
*5*9990301 
199999919* 
1999999111 
9999999129 

099000012* 
399099933? 
3999999337 
3"i0i0f li? 
*5*9090317 
*5*999919) 
*5*9900191 
*5*0099107 
*1*9099119 
99900991)1 
•509990*03 
*••"00050* 
*0*999050* 
3901000*03 
0190000*0* 
1990990701 
3990000707 
*0*1090719 
***90007) 3 

3*00090*01 

*0*9090*02 

0999999*01 

*0*9999*07 

399999009* 

*5*9090*12 

3099099*17 

**•0090*21 


***000090*5*9" 
000000999*090" 
010009119**! 9* 
*9*10O019*l>99 
090009999**301 
000909099*1101 
***oeoo99*»soi 
0  0  0  fl  0  0  0  9  1  *  *  *  0  9 
*1*900090**70  9 
•»*eO0O99***91 
•**000010***03 
***000019*0991 
•**909099®") 99 

•••O0P991*3>1" 

090000919*019" 

*»*0000"999u0" 

00000009090503 

910000919*3*9" 

®*90010"1*9709 

01000319099*01 

9900019991199" 
930909099*1 999 

•  1*0009919)  I  0  3 
9*9990019*)  ?H 
9®*0099'19) 109 
•9*000010*1 1" 9 
990090199*1 500 
0300010999) 003 
•*•000990*1 799 
09000091091*09 
*99900099*1 *0 " 
330000910*2193 
*9®903099*?1 "I 
0900000io*2?P " 
039000019*2101 
99*000919*209" 
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0*12 
19)0 
193? 
191" 
191? 
115* 
1 1  9* 
11  0* 
111? 
Ill* 
11 
0191 
01  9* 
01  91 
011* 
0111 
0203 
o?n 
0210 
019? 
019« 
Oil* 
Oil* 
0111 
om 
0111 
on* 
01*1 
Oil? 
0*91 

on* 

0«9T 
0«  l « 
0151 
0193 
019k 
0*9* 
0k9« 
OfcOT 
OTO* 
019# 
0  M  n 

OTll 
0*02 
0*92 
9  »9  » 
000? 
0*3* 
0112 
0*19 
0*22 


1900090*21 

9500011000 
9595911 09T 
9909091  91  0 
*0*0*01  1  ?1 
90900H  101 
0**90 1 1 1  Ok 
0900001 10* 
09000011 12 
9000001  til 

*jv:rn« 

0000090101 
90090001 00 
990909019? 
90990901  1  9 
59090901  1  1 
9000090200 
900900020? 
OA0901021 1 
9009090102 

9910090101 

0000000119 

lOOIOOOllk 

0109000122 

999009012* 

990000011* 

990009011* 

00000901** 

09000001** 

9009090*02 

oooiTloaol 
0909000*09 
190900««1  1 
9000090101 
000009910* 
0009000*0? 
OOOOOOOkOt 
OOOOOOOkO* 
9000090T01 
lOOOOOOTO* 
9000099TO* 
0900000?! 1 
9000001?!* 
9009000102 
1001090*0? 
0009000*0* 
0009090*0? 
10090*0*1  I 
9009010*11 
9009099*1  * 
9093059*21 


5199101*9? 
0*01991901 
**0510100* 
*0*9901919 
5190101101 
***0191 101 
0***0*1 10? 
**•99011 1 0 
•*•9091 1 1 1 
*•*0191 1 lk 

4.2*1 

0099100102 
1100909101 
9. 11910010* 
900010011 1 
9901101201 
009010020* 
000019029* 
919110921 1 
ooooiooln J 
393990110* 
9099100111 
100010011? 
9900109121 
100310912* 
9000190U1 
999090011* 
90911901*1 
99901001*0 
1099100*0? 
0199100*01 
0000109*01 
9191101*1 2 
999«101*91 
9190159*0* 
9000199*0? 
9910190*01 
1316100*01 
9090109T02 
9O00109T0* 
0100109?0* 
9000100?! I 
0090109?!* 
9990900*01 
9190109*01 
1900100*01 
0090100*00 
9100909*10 
9990909*!* 
9990100*1  * 
5909101002 


95099OI 09? 
9)0  3311  OoS 
050  »**1 00* 
•  *•5001  01  1 
**•5001 102 
**•5001 t A* 

050500110? 
0500001110 
0500101 1 1 1 
55O00OHlk 

9505100102 
050090019* 
050500010* 
5505500! 1 1 
0595509292 
050500020* 
050550020# 
1005000101 
1)05009101 
1)9)90919? 
1)05909112 
3)0538611# 
5)0)50012* 

5)00900110 
050590011k 
0)95000  4*0 
11055091a* 
9)099001*1 
9595900*01 
9)19990*9k 
0)99900*0* 
0)01990*1? 
5595199192 
059900010* 
5999990*01 
0)09900*02 
5)99900*0* 
9909990?02 
9900900?9* 
5)0)009?9* 
9)05901?1 2 
0)05009?!* 

0999900*01 

0)09900*01 
0905900*0* 
0)09000*0# 
1)0)100*1 1 
1505590*1* 
9305000*20 
0309901092 


*0*1911901 
0** 599190k 

•o***otoo* 

9900*0191 1 
0109991 102 
990099H  00 
**•009110# 
***0011111 
***900111* 
••♦1001 1 1 ? 

0500010101 
510909010k 
910000010* 
99090961 1? 
0500000202 
099390020* 
959390020* 
9399*29101 
9959910101 
190099010# 
3539090111 
190999011* 
3599O0012* 
11010191*1 
350990011? 
95059901*1 
5990990}ttk 
39099001*1 
9  009999001 
910900000* 
5390000*0* 
9390990*1  1 
3999999*0? 
9509990*0* 
9900009*0# 
9536990*01 
1999690*0* 
1109000T01 
9500096T0* 
9905000TO? 
5580090T1? 
8503930901 
9)63696*0! 
5900090*6* 
9500600*0* 
0500690*0* 
9900099*11 
9960690*1* 
99*9099*21 
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31  Function  table  56  has  been  defined  to  provide  the  distri 
bution  of  maintenance  actions  at  the  PMI  conditional  upon 
detection  of  maintenance  at  the  PMI . 


32  Function  table  57  has  been  defined  to  identify  the  rela¬ 
tive  probability  of  maintenance  by  subsystem  at  the  PMI. 
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33  Fullword  save  value  191  (X191)  provides  generality  with 
respect  to  platoon  size. 
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34  Fullword  save  value  189  has  been  established  to  identify 
the  PMP  interval  in  tenths  of  hours. 


35  Fullword  save  value  193  identifies  the  number  of  "week 
end"  nonworking  hours  per  week  in  tenths  of  hours. 


36  Fullword  save  value  194  identifies  the  number  of  aircraft 
required  for  the  first  mission  of  the  next  day.  It  is  em¬ 
ployed  to  determine  whether  or  not  maintenance  personnel 
should  be  required  for  overtime  maintenance  at  the  end  of  the 
day.  If  this  save  value  is  not  defined,  no  overtime  will  take 
place. 


37  Fullword  save  value  190  has  been  identified  to  establish 
the  PMI  interval  in  tenths  of  hours. 


38  Fullword  save  value  192  identifies  the  number  of  working 
days  per  week. 


39  Fullword  save  value  195  identifies  the  number  of  days 
between  calendar  inspections.  If  no  calendar  inspections  are 
to  be  performed,  input  a  dummy  value  of  30,000. 


40  Fullword  save  value  196  identifies  the  window  for 
calendar  PMP  activation.  If  no  calendar  inspection  is  desired, 
input  a  dummy  value  of  zero. 


41  Fullword  save  value  197  contains  the  number  of  TBO 
components  per  aircraft.  It  must  be  a  number  less  than  25. 
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42  Card  1805  (ZZB)  has  been  generalized  with  respect  to 
platoon  size  by  the  use  of  save  value  191  in  place  of  a  con¬ 
stant  in  the  logic. 

43  Card  1809  has  been  modified  to  assign  a  random  number  of 
hours  which  is  calculated  through  variable  231  to  parameter 
40,  that  is,  the  initial  hours  on  the  aircraft.  Variable  231 
generates  a  6-digit  random  number  which  is  then  taken  modulo 
save  value  189  which  is  the  input  value  of  the  PMP  interval. 
Thus,  this  assign  statement  generates  values  for  parameter  40 
which  are  dependent  only  upon  an  input  parameter,  namely  value 
189,  rather  than  logically  dependent  upon  a  constant,  as  was 
the  case  of  the  original  UH-1  model  when  this  assign  statement 
generated  values  for  parameter  40  as  a  function  of  random  num¬ 
ber  generator  1.  Thus  the  original  UH-1  logic  always  generated 
initial  airframe  hours  in  the  interval  0  to  99  hours. 

44  Card  181010  has  been  added  to  assign  a  random  number  of 
hours  since  last  daily  inspection  to  each  aircraft  through 
variable  237. 

45  Card  1816  has  been  modified,  due  to  the  increase  in  model 
size,  to  facilitate  a  24  aircraft  platoon. 

46  Card  1818  has  been  modified  to  accommodate  a  platoon  size 
of  24  aircraft. 

47  Cards  1824  to  1828  have  been  modified  to  ensure  against 
certain  rather  obscure  situations;  aircraft  could  be  subjected 
to  extra  erroneous  PMI  inspections  which  originally  could 
arise  in  the  Government-furnished  UH-1  model.  Modifications 
to  the  logic  shown  in  these  blocks  insure  that  this  situation 
will  not  occur.  The  logic  has  been  changed  by  testing  param¬ 
eter  35  for  a  flag  to  determine  whether  or  not  the  aircraft 
has  just  received  an  intermediate  or  a  periodic  inspection  and 
therefore,  has  its  parameter  35  value  flagged  at  999.  Also, 
cards  1825  and  1826  have  been  generalized  to  be  functionally 
dependent  upon  variables  234  and  235,  rather  then  logically 
dependent  upon  constants  as  was  the  original  case  in  the  UH-1 
model.  Furthermore,  the  tests  in  cards  1825  and  1826  have 
been  changed  from  a  test  less  than  or  equal  to,  as  was  the  case 
in  the  previous  or  original  model,  to  a  test  less  than.  Again, 
it  is  felt  that  in  certain  obscure  instances,  the  logic  of  the 
original  model  could  allow  aircraft  to  slip  through  this  test 
and  not  undergo  PMI  or  PMP  inspections  when  really  required. 

It  should  be  noted  here,  however,  that  any  of  the  modifica¬ 
tions  in  this  area  of  PMI,  PMP  interaction  generalization  were 
irrelevant  to  the  original  UH-1  model.  This  is  because  the 
original  model  requited  that  all  aircraft  receiving  PMP  or  PMI 
inspection  would  go  through  a  test  hop.  In  the  case  of  the 
CH-47C  and  HLH,  it  is  felt  that  an  intermediate  inspection 
would  not  require  a  test  hop.  Thus,  this  eventuality  arose 
where  PMP  inspections  could  be  erroneously  duplicated. 
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48  Cards  1829  and  182910  have  been  added  to  check  flying 
aircraft  to  see  if  they  need  a  daily  through  Boolean  variable 
20. 
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49  Cards  1973  through  1976  have  been  modified  to  tabulate 
flight  time  based  upon  input  parameters  in  function  4  rather 
than  based  upon  constants  in  the  logic,  as  was  the  original 
case  of  the  UH-1  model. 


50  Card  1977  is  a  modification  in  the  original  logic  of  the 
model  which  accounts  for  airframe  hours  of  the  aircraft.  This 
logic  change  is  necessary  to  ensure  that  the  total  number  of 
aborted  test  hop  and  mission  flight  hours  are  accounted  for 
within  the  model. 


51  Card  1994  has  been  modifier3  dut  to  the  change  in  save 
value  numbers  generated  by  modifying  the  model  to  accommodate 
24  aircraft. 


52  Cards  1995  through  2002  have  been  modified  similar  to  the 
previous  set  of  blocks  to  ensure  that  flight  hour  account¬ 
ability  is  functionally  dependent  upon  input  function  4,  rather 
than  logically  dependent  upon  constants  equal  to  the  mission 
length  as  in  the  UH-1  model.  Furthermore,  modifications  were 
made  to  card  2001  to  ensure  proper  accounting  of  all  test  hop 
hours  on  parameter  40  for  each  aircraft. 
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52  Cards  were  modified  to  generalize  flight  hour  accounting. 

53  Card  200910  was  added  to  flag  aircraft  that  have  flown, 
with  a  negative  720  in  parameter  46. 

b*  Cards  2011  through  2016  have  been  added  to  the  original 
logic  to  the  UH-1  model  to  ensure  that  an  aircraft  which  has 
just  received  a  test  hop  and  has  aborted  this  test  hop  is 
routed  properly  and  does  not  go  into  the  PMI  or  PMP  routine 
again. 

55  Cards  2018  and  2019  have  been  modified  to  make  sure  that 
the  flight  hour  accounting  on  aborted  flights  is  functionally 
dependent  upon  input  function  table  4  rather  than  dependent 
upon  a  constant  specifying  the  aborted  mission  length.  Var¬ 
iable  18  takes  the  value  for  the  mission  length  input  through 
function  table  4  and  divides  it  by  2.  An  aborted  flight  will, 
therefore,  take  one  half  of  the  function  4  value  rather  than 
just  having  a  constant  built  into  the  logic. 

56  Cards  2020  and  2021  have  been  modified  due  to  the  change 
in  save  value  number  generated  by  increasing  the  model  size 

to  24  aircraft. 

57  Cards  2022  through  2025  have  been  modified  to  generalize 
accounting  of  aborted  flight  hours. 


58  Cards  2026  to  2031  have  been  modified  to  generalize  the 
model  tests  for  PMP  and  PMI  aircraft. 

59  Card  203410  was  added  to  flag  aircraft  that  have  flown, 
with  a  negative  720  in  parameter  46. 
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60  Card  2092  has  been  generalized  by  using  a  save  value  in 
the  shift  control  logic  rather  than  a  constant. 
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61  Card  2100  has  been  generalized  by  using  a  save  value 
in  the  shift  control  logic  rather  than  a  constant. 


62  Card  210201  has  no  impact  on  the  present  model. 


63  Cards  2111  and  211110  have  been  added  for  the  daily 
inspection  test.  Mark  46  puts  the  present  time  in  parameter 
46  of  the  aircraft  currently  at  this  spot. 


64  This  change  to  Card  211510  is  necessary  for  proper 
activation  of  the  daily  routine. 


65  Cards  2122  and  2123  have  been  added  to  ensure  that  an 
aircraft  that  is  in  the  daily  routine  and  has  just  previously 
come  from  an  intermediate  inspection  will  not  erroneously  go 
back  to  the  intermediate  inspection  routine. 
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66  Card  2199  has  been  modified  to  generalize  the  model  with 
respect  to  the  number  of  TBO  components  per  aircraft  through 
use  of  save  value  197  rather  than  a  constant  in  the  logj.c. 
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67  Card  2200  has  been  generalised  by  use  of  save  value  189, 
rather  than  a  constant  in  the  program  logic. 


68  Card  220010  has  been  added  to  zero  out  aircraft  time 
since  last  calendar  PMP. 


69  Cards  2226  through  2236  have  been  modified  or  added  to 
the  original  UH-1  logic  to  allow  for  the  detection  of  failures 
at  the  intermediate  inspection  and  to  do  away  with  test  ho^s 
after  the  intermediate  inspection.  This  logic  is  consistent 
with  the  baseline  HLH  and  CH-47  maintenance  concept.  The 
maintenance  concepts  for  the  UH-1  model  used  in  the  baseline 
Government  model  did  not  provide  for  the  detection  of  mainte¬ 
nance  at  the  intermediate  inspection. 
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70  Card  2302  has  been  modified  due  to  the  expansion  of  the 
model  to  accommodate  24  aircraft. 


71  Card  2323  has  been  added  to  the  original  logic  of  the 

UH-1  baseline  model.  This  block  ensures  that  the  values  cal¬ 
culated  in  certain  save  values  are  proper.  The  original  model 
was  defined  without  this  block.  Whenever  more  than  10  mainte¬ 
nance  actions  were  generated  simultaneously,  the  accounting  of 
these  maintenance  actions  overflowed  into  save  values  which 
were  used  for  other  functions  such  as  monitoring  the  engine 
changes,  the  maintenance  actions  determined  at  turnaround 
inspections,  etc.  It  is  felt  that  this  block  is  extremely 
critical  to  the  proper  actuation  of  the  model.  Since  not 
having  this  block  in  the  model  allows  for  erroneous  tabulation 
of  results,  a  great  deal  of  effort  can  be  expended  to  find  out 
why  the  model  is  accounting  for  engine  changes  when  the  main¬ 
tenance  concept  does  not  call  for  scheduled  engine  changes. 
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72  Cards  2376  to  2377  have  been  generalized  in  the  manner 
previously  discussed  to  allow  the  tests  tor  the  PMP  and  PHI 
inspections  to  be  functionally  dependent  upon  variables  234  , 
235 ,  and  236  which  are  subsequently  dependent  upon  input 
parameters  save  values  189 ,  190,  195,  and  196.  Thus,  modi¬ 
fication  of  these  blocks  adds  generality  to  the  model  and 
provides  functional  input  dependence,  rather  than  logical 
dependence  upon  constants  within  the  model. 
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73  Card  241/1  has  been  modified  to  make  the  NORS  test  a 
greater  than  rather  than  a  less  than  or  equal  to  as  originally 
employed. 
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74  Cards  2607  through  2608  have  been  modified  in  the  manner 
previously  discussed  to  ensure  against  improper  activation  of 
the  PMI  and  PMP  logic  and  also  to  generalize  the  test  for  PMP 
and  PMI  activation. 
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75  Card  2619  has  been  added  to  allow  model  activation  with¬ 
out  a  daily  inspection. 


9 


76  Card  2637  has  been  added  to  prevent  off-shift  maintenance. 


77  Cards  2638  and  2639  have  been  added  to  provide  accounting 
of  NORS  delay  time. 
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Card  2774  has  been  added  to  prevent  off-shift  maintenance. 
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79  Cards  2776  and  2777  have  been  added  to  account  for  NORS 
times  by  aircraft  and  platoon. 
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80  Cards  2888  and  2889  have  been  modified  to  allow  for  up 
to  24  TBO  components. 
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81  Cards  2990  and  2991  have  been  revised  to  define  new 
save  values  as  a  result  of  increasing  the  platoon  size  to 
24  aircraft. 


82  Card  2994  has  been  modified  to  allow  for  24  TBO  com¬ 
ponents. 


83  Cards  2998  and  3002  have  been  added  to  account  for  NORS 
times . 


84  Cards  3008,  3012,  and  3023  have  been  modified,  due  to 
the  save  value  changes  generated  by  increasing  the  model  size 
to  24  aircraft. 
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85  The  START  card  has  been  modified  to  suppress  the  output 
of  the  GPSS  chains  and  give  5  intermediate  outputs. 

This  card  should  be  tailored  to  the  specific  needs  of  the 
analyst  by  referring  to  the  IBM  GPSS  manual. 


86  The  output  editor  has  been  modified  to  contain  the  base¬ 
line  CH-47  mission  and  maintenance  concept  narrative. 

Also,  the  output  editor  has  been  modified  to  accommodate  a 
platoon  size  of  24  aircraft. 
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t  5  7£*T  X  H27u ,?/****  (17(6*09370360 

,?/xX*(  iX?7u,2/| .KIX,X*  0957(600 

1 5  T£xT  ................................................. *8 ns ’*90 0 

................................................  0?3>«600 

S»»C£  2  0857(709 

15  T£xT  m9NTji.v  T9TAL6  *X??5,  7/XXX*  (X250*083?Q JOO 

,?/***(  **>75,2/1  .MX, X*  00374*09 

eject  oospsooo 

n  text  «*m*L7  sc«79JtE5  oospsioo 

5®*:*  1  09375700 

|4  T£»r  lMl*£ttI3*l  IWP3*«UTI!JN  0937SS00 

*  - . .  00375(00 

5P*C£  5  89575508 

4  T£xT  AT4C4APT  »(!»LI3*T  P6EPLTGMT  DAJLT  •80575808 

8*lL»  ,Ht  ®HT  Pm®  »M7  00575700 

1  TEXT  Tiff  XJ*lf(  ?p  «4UMB£*  OP  *88575500 

HA  T NT,  NJhXE*  OP  NAInT  HJM3E9  OP  NAINT  08575*08 

«  re«r  Mj«5r9  im5»ic7!Om  *an  m>s.  inspection *09575000 

xan  MBS.  Tn(»cCTJ3n  Hi*  i*s.  TnS“E£TTOn  man  HP  00576108 

5»*:c  5  80576780 

5  TEXT  1  (X776.2/XXX*  «X50I,7/7L«**. **89576500 

>•  *xj?6»?/x*x*  *«551 , 2/*l***.**p  0*546(00 

75  TEXT  *x37s.2/XXX*  •K0I.7/7L***.***  P**805?6508 

*  76*  7/XXX*  «*aii ,2/2l**X.**(  68576600 

5»*:e  5  85526700 

5  text  2  *x>77,2/xx*(  PX3o2,2/2i>XX.  **00576508 

*  •  (XS77.2/XXX*  «*552.>/»LPCCC.*<«  89576600 

76  text  *X3Tr,2/xxx*  M  3  07, >/>L  xxx , **■  p**80527000 

(77,2/XXM  *  * a52, 2/2l* **. «*•  0957TI00 

SPACE  3  08577708 

5  text  5  •x>76,2/x(x*  •*585»2/?lK*X, **00577500 

x*  (*3?5, 7/xxx»  (X565,  ?/?L,*x*.  **■  80577(00 

T5  TEXT  *X57*.  2/xxx*  xxjOJ,  ?/?LXXX.xy*  ***0'iS?7500 

a?5.?/*xx*  *xa55#2/2.<xx,xx»  09577600 

5»»C£  5  09577700 

5  text  a  **>76, 2/xxx*  «x3oa,2/2i>*x,x*06377500 

*•  **S7*,?/xxx*  •*35«.?/>L«X*.X**  09577600 

76  TEXT  (X5T(,?/xxx*  •  x  aO ( , ?/7L  xxx . xx*  (**09575000 

«?4.t/sXX(  **a5u, 2/?l*<X,  xx(  69575100 

5**:e  3  00575208 

3  TEXT  5  ( * 760 >  2/XIXt  (X505#2/2l***, **08375500 

x»  (X330.7/XXX*  (*555. ?/?l***.**(  80578(00 

76  text  **339, 2/xxx*  **(05. 7/7LXXX.XX*  (**09373500 

(35,4/xxx*  • xaSS, 2/?l* **. ***  00523600 

5*4;e  3  08375700 
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TE*T  9  **?B|  ,2/xvx*  *x)n*,2/2LXXX,X*00)»9B08 

•  08179*00 

text  *x)9i  , 2/xxx*  «x*ooi29ooo 

iJ/mi  Ots?9ioo 

9®»CI  I  09)2*200 

TEXT  7  *X792, 2/xxx*  •X)07#2/2i*XX,X»00!?9)50 

•  »J».?/KXI  **)97,>/>ikxx.*X*  O91?9a00 

Tf  XT  IDO^/IUI  H«9T,)/;Lm,XII  *X»00)29)00 

,2/xXX*  *xaS7,2/2i.xxx.  IX*  09)29000 

1»»CE  1  00)29700 

TEXT  9  *X281, 2/XXX*  **)06#2/?i.X*X«X*09)?*9fl0 

•X)l),7/IXl*  *X))S,2/?l*X*.XX*  00)29*00 

)  text  *x)9l, 2/xxx*  •k>09,?/2Lxxx.xxa  «x*oo))00oo 

)»2/xxx(  •Xt)l.?/2LH(II|II  001)0100 

)»»CE  1  001)0200 

TEXT  9  •X2fU,2/xxx«  •X)09>2/2l*XX,X*00))0100 

•  *))*.  2/XXX*  •X)S9,2/?l«(XX,XX*  00)10*00 

1  TEXT  **)9a. 2/xxx*  *xa09. ’/?ixxx.  xx*  *x*oo)X0500 

a, 2/xxx*  *xaS9«  2/2lV(X, xxa  00)10900 

1*»CE  1  00)10700 

TE»T  10  *X>B5«2/XXX(  •Xl!0,2/2t>XXIX*00)XC900 

■X))5. 2/XXX*  «X)t0.2/7iKXX.XX*  00)10900 

)  TEXT  *x)99, 2/xxx*  *xat0.2/2lxxx,ix*  *x*ooillooo 

), 2/xxx*  «xb90,2/2lxxx.xx*  00)11100 

1**:E  1  09)11200 

TEXT  1|  •  X  299, 2/XXX (  *X) 1 1 , ?/2lkix, X*0 01!  1 100 

•*))», 2/xxx*  *X)M .2/2LKXX.XX*  00)11*00 

)  TEXT  *X199, 2/xXx*  «X91 1 . 2/2LXXX, xx*  *X*00)11500 

9. 2/xxx*  *xa*t  > 2/2uxxx, xx*  00)11900 

)2»CE  )  001)1700 

TEXT  1  »  *x>97, 2/xxx*  *Xll2.2/2i>XX.X*00)V 900 

•  *1)7  > 2/xxx*  «X)92.;/>UHXX.XX*  00)11*00 

1  TEXT  *X)97. 2/xxx*  *xai2.7/2Lxxx.xx*  *X*OO))2OO0 

T. 2/XXX*  *xa92>2/2LXXX,XX«  00)12100 

!'*C!  )  00)12200 

TEXT  1)  *1296. 2/xxx*  *X)1)»2/2l*XX(X*00)12100 

•x))B. 2/xxx*  *x)91,2/?L>xx,xx*  eo)i2aoo 

)  text  *x)99,  2/xxx*  *X«1 ), 2/2LXXX, xx*  «X*00)12100 

). 2/xxx*  *xa9).2/2txxx.xx*  00)12900 

»**CE  1  00112700 

TEXT  1  a  *X  299, 2/XXX*  •*)1«»2/2l'kXX.X*00)12900 

*Xl)9f  2/xxx*  *X)9*.2/7LXXX,XX*  00)12*00 

9  text  *x)99«2/xxx*  *xai  a. 2/2LXXX, xx*  *x*oo)l)000 

», 2/xxx*  *xa9a,2/2ixix,xx*  0011)100 

J*‘CE  1  00)1)200 

TEXT  1)  *x>90, 2/xxx*  *x)iS>2/2uXXXtX*0011)100 

•  Xiao,  2/XXX*  *X)9l,2/7L.*XX.XX*  09)11*00 


1  TEXT  *xl*9, 2/xxx* 

J,  2/XXX*  *x  n91, 2/2l* (X.  XX* 


(X119.2/2LXXX.XX* 


•X*001!)900 

0911)900 
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s*»c  s 

i  T|*r 

I 

'S  Tf  XT 

it  #S/VX>(« 

s*»ce 

i  »e*r 

i 

S  M«T 

l|,2/XXX« 

suet 
i  text 

i 

’S  text 

n, 

S»»Cf 

text 

i 

9  TEXT 

1,2/KO 

s*»ce 

text 

s  text 

s, 2/x*X» 
9*»CE 
T**T 

S  Ttlt 

s*»:t 

TEXT 

S  TEXT 

r, ?/*«*» 
M»ct 

TEXT 
1  TEXT 

9.2/xxxa 


1 


•Xl*|,2/XXX*  *Xl**.?/»L**».*X* 

Iint<2/2L><II,(II 

s 

17  ilM2i2/((>i 

•  >/XX*«  U)t7,?/2L>ll,m 

H)«>,2/|UI  mi7.?/2L»l,i 

(llt7i2/2Lialiili 

1 

19  K>Mi2/mi 

•xi*i.2/xxx»  *xai 9, 2/21XXX,  x 

»<oM.2/2l  XXX. xxa 

1 


1*  n?t«i2/mi 

•*1««,  2/XXX*  •Uk9,?/?L>U,(H 

•  •*«!«. »/?l  xxx.x 
•t a*9.2/2i.xxx.xx* 

1 

23  K21|i2/mi 

•  IUS,2/((I«  iDTD.i/JLIli.lIl 

•xa20.2/2Lxxx.x 

•xs70.2/2lxxx,xx« 

1 

21  *X2**,2/XXX« 

•xia*,2/xx«*  *xl71 ,2/2lNxx, »*■ 

•  xH*.2/xxx*  *<o2l • ?/2Lxxx  ,  x 

•  xaTl  ,  2/2i.x  xx.  xx* 

S 

22  K!1?,2/U*i 

•xl«7, 2/xxx*  «x!72.2/>lvxx.xx« 

•X1*T. 2/XXX*  •«5??.»/2LXXX.X 

«*aT2.2/2i,xxx.XX» 

1 

2)  *X2*0»2/xxx» 

•Xiao, 2/xxx*  *xl71. 2/2L***. **■ 

•Xl*8. 2/XXX*  *xa2i, >/2lxxx.  x 

•  *971,2/2..xxx,xx* 


5**5?  1 

1  7f*T  2U  «X2»*,2/XXXJ 

•  inni.j/an  •U7t,>/»tvi(,n> 

7s  text  ■  ni),2/m(  Mi2>,i/;iixx,( 

a», 2/xxx*  *xa7a,2/2LX/x.*x* 

S*»C!  1 

1k  ^xT  . . 


a  text  ■O^Thl* 


88195700 

ixm.2/2i>xx,x*onmiioo 

00151*00 

i*  •XftOftiiaeeo 

8011*100 
0011*200 

iX517,2/2l*xx.X*0O11*1OO 

0811**00 

I*  ***0015*500 

8011**08 
8811*708 

iXlia#2/2LX»X.X«O911«900 
0011**06 
'•  ***00115000 

00115100 
60515208 

ixl I *,2/2l>*X,X*0 8115100 
00115*00 

:•  *x»89115500 

00115*00 
00515700 

1X120, l/2i>*X. **00115900 
00115*00 

■■  *x*ooii*ooo 

8011*100 
0011*200 
ixl2l ,2/2l>*X, **0851*100 
8011**00 

•  ***0051*500 

0011**00 
8011*700 
ixi22,2/2tKXx,x*o8ii*eoe 
0011**00 
’•  *x*80517800 

08117100 
00117200 
X125,2/2lKXX,X*001171O8 
80117*00 

•  ***00517500 

08517*00 

00517700 

*12*,2/2l>XX.X*00517900 

00517*00 

•  ***08119000 

00510100 

00510200 

...............00119100 

00119*00 

08110500 

80519*00 

80119700 
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text  nr*t# 


T9  TCKT 

*50.2/xxx« 

safer 

»•*:£ 

u  text 

!»*C! 

1*  tfxr 

S»»C! 

t  text 

e  •**  »oj*s 

a  text 

a  TEXT 

8  9:*<e9JLeo 
sues 

9  TEXT 


•xaoo, ?/xxxx 

■x*75,2/2lxXx. xx* 


•x}30, 2/xxx* 

•  *575.?/2>*x.xx* 


•*»25. 2/2L*xx,  xx* 


•X92S.2/2LXXX.XX*0O999900 

MSSSM« 


OXT^l*  •UTXTE'UMCE 

1 5X311  «UTIH 
9 

*T*e**XT  *J*9E*  0*  1*1*1  »CT!t*9 
!l»»9SB  HitXT.  33**TME 
T*!L 

*J«»S«  J5SC*E8ULf9  SCHEDULES 

JWOeHeOJlEJ  9CHE8JLI3 
9 


**•03999900 

0099*100 

00999200 

0099*900 

00999*00 

0099*900 

00999000 

03999T00 

>**TMTe'<»Ne»00999000 

0099*900 

009*0000 

U*9G«E8UlE*Of)9aoi00 

009*0200 


ll5?  I  ***76»2/XXX*  *X901 .2/XXX* 

•X99l.2z2Lxxx.xx*  *XS26,2/2lxXX.xx»  ' ™ 

Tfxr  *X60l,2/lL«XX.X*  9X976, 2/lLXXV.X* 

" " 4  Cc  1 

Te*T  1  *<*77, 2/XXX*  **502. 2/XXX* 

*X992. 2/2LXXX. X«*  •XS2T.2/2LXXX.XX* 

9*Ice  JX607.2/I1.XXX.X9  9X977, 2/Ilkxx.X* 

Te*T  *  9**79. 2/XXX*  *XS01. 2/XXX* 

9*959. 2/?(.*X*.  XX*  9X928, 2/2LXXX.  XX*  **”'*'***• 

jlj;,  9*609. 2/ILXXX.X9  9X978, 2/lL**X.X* 

I'll.  „  ,  9<«79, 2/XXX*  *X50*, 2/XXX* 

•X99* . 2/2L*XX . xx*  9X52*, 2/2LKXX. xx* 

J*Ic*  J*60*.2/1LXXX.X«  9*979, 2/ILVxx.X* 

T^,T  *  9**90  2/XXX*  *X30S. 2/XXX* 

9*959. 2/2UXXX.  xx*  **950,2/2lx**.  X*. 

9*605. 2/11***. *«  9*990, 2/1 L* XX, X* 

*  ><*9t, 2/XXX*  *X506. 2/XXX* 

9X556. 2/2LXXX. XX*  9*591. 2/2UXX.XX* 

9*»ee  JX686.2/1LXXX.X9  9X991. 2/lL«XX.X* 

I'll,  9X092, 2/XXX*  9*507. 2/XXX* 

•*597.2/2l*XX.XX*  9*992, 2/2LXXX. XX* 

J5[It  9*607. 2/1LXXX.X*  9*992, 2/lLKxx.X* 

T**T  *  9X999,2/ XXX*  *x«OS. 2/XXX* 

•(999, 7/2LXX*. XX*  9X999, 2/2LXXX.XX*  * 

9»»Ce  9*609, 2/lLXKX.x*  9*999. 2/IlVXX.X* 

III!.  ...  9*«9«, 2/XXX*  **50*. 2/XXX* 

•  *999.2/21.***.  xx*  9X59* ,  2 /EL* XX. XX* 

M»e»  **60 *• 2/1 L**X, X*  9X99*.  2/|  LX XX, X* 

T**T  18  9**99, 2/XXX*  **510, 2/XXX* 


009*0900 
*009*0*00 
009*0900 
009*0600 
009*0700 
*009*0*00 
009*0*00 
009*1000 
009*1100 
•009*1200 
C9941900 
009*1*00 
609*1900 
•009*1600 
009*1700 
609*1  8  >0 
009*1*00 
•009*2000 
099*2100 
009*2200 
009*2900 
•03502*00 
005*2500 
009*2600 
009*2700 
•005*2*00 
005*2*00 
005*5000 
005*5100 
*03585200 
009*5900 
009*5*00 
005*9500 
•035*5600 
005*5700 
005*5900 
035*9*00 
•005**000 
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TT 

5 

TT 

9 

TT 


9 


TT 

9 

TT 

9 

TT 

9 

TT 

9 

TT 

9 

TT 

9 

TT 

9 

TT 

9 

TT 

9 

TT 

9 


TT 


•  <555,2/2t.*  **.**• 

re*T  <*41  n.2/H***.*« 

SHC!  J 

TEXT  11  4<494,2/X**4  4x51|.2/XXX4 

•  *941  ,2/2l***.***  «<9J»)i/JL*«l.<*« 

TEXT  »*41 i ,2/ll***.*» 

Diet  j 

TEXT  12  4*497. 2/**X*  •X5I2.2/X*** 

•*542. 2/21***, **•  «*99T  ,2/21***. **• 

TE*T  •X58T.2/1L***.** 

i*i((  s 

Tt»T  19  4<o58.2/**X«  .  M515.2/**** 

«*5*5.2/2L***.**«  •  *558,2/£l>**.*X« 

TE*T  4*41 5»2/tl***.X«  •*9»a«  2/11.  ***.*■ 

»<*4  C€  1 

?(tr  1*  •*•94,2/****  l»91*,2/m« 

•*544,2/21***. **•  •X558.2/2L* *<•**• 

;E*T  •*99**2/lu*»X.*B 

J»»C!  9 

TE*r  II  4<4*0» 2/XXX*  •*915*  2/xxx* 

•  *949. 2/2l***.**»  •  X540.2/2L***.'  **• 

TC*T  l*tMi2/lL*>*.»  •*9tO,2/lL***.*« 

9»»£E  9 

TEXT  14  4*4*1,  2/***«  4*514. 2/XXX* 

•  <544.2/2L*»».**<  M9«1,l/K**«.»» 

TEXT  «*41  4*  2/1 L**  *  •  * 1  »*l»l  ,2/tl*VK.X* 

T£«TC  IT  *<4*2, 2/XXX*  **517, 2/XXX* 

•  X94T,?/?L ***.***  • *942  *  2 /2L* **.**• 

TE*T  1*41 T,2/ll**X.X*  4*5*2, 2/ll*x*.X4 

text*  it  **4*s. 2/xxx*  •*9ie,2/xxx» 

•  *549. 2/21***.  **•  H5ll.2/2l*»*.»»» 

Tf*T  »*41 4, 2/1L***.**  4*5*5, 2/1l»**.*" 

5»*ce  9 

T£*T  1*  *(0*4r2/XXV* 

•  *544. >/2LX**.**«  • *  544 . 2 /2U*XX . **• 

T£*T  («4I ».2/IL«**.*4  **|*«,2/1L**X.** 

54»ce  5 

TEXT  28  4*449. 2/X**4  . 

•X579.2/2L***.***  4*5*5, 2/2L***.*X* 

T£xT  •*421' .  2/ 1  L*  **  •  *•  4*5*5,  I/ll.*** .  X* 

9»»C?  9 

text  21  4*4*4, 2/XXX*  4*921,2/**** 

•  *4T|  ,?/?L***.**4  4*544, 2/21***. **■ 

T£xT  «*92t .2/ILKXX.X*  4*5*4, 2/ll***.*4 

Mice  9 

TEXT  22  4I44T.2/XX**  •*522,2/**** 

•* 5 T 2.2/21* **.**•  4*5*7, 2/2l«XX.*X» 

TEXT  •X422.2/UK**,**  4*5*7, 2/l|.«XX,X* 

TEXT*  29  **449, 2/X*»*  4*525,2/**** 

•*5T9 , 2/2l*«* . **•  4*548, 2/2l**X.*X* 

TE*T  «*429, 2/1 t* ** , * •  4*5*6, 2/ll**X.X* 


•x51*.2/***4 


4*920. 2/XXX4 


88544100 
89544288 
89 540509 
•88844400 
89544580 
89J44400 
89544TOO 
•09544400 
99544*08 
09845900 
09545] 00 
•00545209 
89545500 
09545409 
09545500 
•0054S400 
O9945T00 
00545400 
09545400 
•90544900 
005041 00 
00544200 
09944500 
•09544409 
89544500 
09544409 
09544T09 
•09544400 
90544*00 
0054T000 

0  0  54  T l on 

•00547200 
08  J4MO0 
0994T400 
0994T400 
•  OMoTOOO 
O9V4TT00 
08547800 
005*T*08 
•89548000 
88548100 
00544200 
09548500 
•00908400 
00508500 
00548400 
0954STOO 
•00508400 
09948*00 
0954*000 
0054*100 
•0950*200 
0954*900 
0954*400 
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9 

TT 

**»ce 

rent 

•X5T*. 

text 

s*»ee 

9 

2*  •«•**. 2/XXX*  • X52*  , 

2/2LXXX.XX*  a*5a*,2/2i  .xxx.’xxx 

•X*2Q.2/11XXX,X*  *X5*«,2/lL.XXX,X« 

1 

2/XXX* 

039**500 

•005***00 

0358*700 

005**900 

039***00 

1  k 

I  II  F 

AA1CA1 Aft 

« 

re*? 

*3XT-)l.¥ 

09950200 

« 

TEXT 

T3TiLS 

•X500, 2/xxx*  *x525. 

2/XXX* 

•03550500 

•X5T5. 

2/21 

XXXX, XX* 

•rs90.2/2t*<xx.xx* 

00550*00 

77 

TlXT 

•  Xk25» 2/1 u*>* *.  x*  *Xk00.2/lLX«xx,x* 

03550500 

eject 

33590*00 

•**cc 

9 

OO550T00 

1* 

T|XT 

*35T*LT  »t*c***t 

00550900 

sotce 

1 

00590*00 

1» 

TlXT 

;>«***CTl#19TTC9 

03551000 

« 

03551100 

M*Ct 

2 

03551200 

a 

TUT 

5T*CMM 

5T  *IC  T  *OT 

*(0T 

*03551500 

IVt 

UMIlIty 

03991*00 

9 

TlXT 

T»IL' 

*4 1  XT ,  M  4  X  3*e**TT3X*LLT 

0*E**T1 05 **03591 500 

uV 

•  ••• 

00991*00 

a 

TlXT 

XJ«9?* 

*0 J39  *1*  *!*3T- 

•E*OY- 

*00551  TOO 

J*  TI*l/ 

5199133(9 

2L3*W/  3T991D3IJ  CO**/ 

00551*00 

« 

TlXT 

*L 1 3*7  M*.  5*IxT|n»scP 

9U2*l'y 

*00551*00 

T9T*t'  THE 

*199133(9 

C4.L.C0  *T 991359  C*LI.|0 

03552300 

•  ••• 

•  w  •  m 

••*005*21 00 

0  33S2200 
imijjo# 
*n- 152*00 
03552900 
03592900 
O3552T00 
•01552*00 
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LIST  OF  SYMBOLS  AND  ABBREVIATIONS 

A/C 

Aircraft 

ATC 

Advanced  Technology  Component 

CONUS 

Continental  United  States 

CPU 

Central  Processing  Unit 

EMT 

Elapsed  Maintenance  Time 

F/H 

Flight  Hour 

FAIL  RATE 

Failure  Rate 

FIRM 

Flight  Inspection  Requirements  Minimum 

GPSS 

General  Purpose  System  Simulation 

GSE 

Ground  Support  Equipment 

HLH 

Heavy  Lift  Helicopter 

I  •  0 .  >i . 

Index  of  Merit 

MA 

Maintenance  Action 

MAI NT.  CONC. 

Maintenance  Concept 

MALF/FH 

Malfunctions  per  Flight  Hour 

MEA 

Maintenance  Engineering  Analysis 

MMH 

Maintenance  Man-hour 

MMH/FH 

Maintenance  Man-hour  per  Flight  Hour 

MTBMA 

Mean  Time  Between  Maintenance  Actions 

MTTR 

Mean  Time  to  Repair 

NORM 

Not  Operationally  Ready  -  Maintenance 

NORS 

Not  Operationally  Ready  -  Supply 

NRTS 

Not  Repairable  This  Station 

O&M 

Operations  and  Maintenance 

PMD 

Preventive  Maintenance  Daily 
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PMI 

Preventive 

Maintenance 

Intermediate 

PMP 

Preventive 

Maintenance 

Periodic 

PPI 

Phased  Periodic  Inspection 

Q 

Queue 

R&M  Reliability  and  Maintainability 

S  Standard  deviation  of  a  normal  distribution 

TBO  Time  Between  Overhaul 

TOE  Table  of  Organization  and  Equipment 

UTIL  Utilization 

WUC  Work  Unit  Code 

X  Mean  of  a  normal  distribution 
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